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0 Introduction
In this documentation, following is discussed to capture the text in the TR.
· Description and specification impact of CLI handling schemes

1 Description and specification impact of CLI handling scheme
1.1 [Open] Inter-gNB CLI handling scheme #1: UL Resource Muting-based scheme
Source 1-1 (Huawei, HiSilicon), Source 1-2 (Nokia, NSB)
Proposal #1-1 (1)
Capture the text in the TR
	Title
	Inter-gNB CLI handling scheme #x: UL Resource Muting-based scheme for measuring the gNB-to-gNB CLI interference covariance matrix

	Reference scheme for performance comparison
	Source 1-1 (Huawei, HiSilicon):
When UL resource muting is not applied, the gNB-to-gNB CLI interference covariance matrix cannot be obtained accurately hence the CLI cannot be effectively suppressed.
· Reference scheme 1: The gNB-to-gNB CLI interference covariance matrix cannot be obtained accurately hence the CLI cannot be effectively suppressed. 
· Reference scheme 2: The gNB-to-gNB CLI interference covariance matrix is estimated based on transparent UL resource muting (e.g. gNB avoids scheduling the UL symbol).

Source 1-2 (Nokia, NSB):
E-LMMSE-IRC (Rel-14 NR Study Item phase. 3GPP TR 38.802, Section 10) without UL muting.

	Proposed Scheme for gNB-to-gNB co-channel CLI handling
	Source 1-1 (Huawei, HiSilicon):
The gNB-to-gNB CLI interference covariance matrix is obtained by muting some resources for the UL transmissions, based on a predefined pattern (in the evaluation, a comb-like muting pattern on one symbol for a PUSCH occasion is assumed) and the CLI couldcan be suppressed by the MMSE-IRC receiver.
Note: Other muting patterns are not precluded.

Source 1-2 (Nokia, NSB):
· E-LMMSE-IRC with UL muting (no resources colliding with aggressor gNBs resources used for interference estimation)
· Geometry calibration of CLI aggressors 
· Covariance matrix estimation based on assisted information exchange of the CLI aggressor characteristics over the Xn interface


	Specification Impact of the proposed scheme
	Source 1-1 (Huawei, HiSilicon):
In the case of using transparent UL resource muting, no specific cation impact
In the case of using non-transparent UL resource muting, UL muting resource patterns (e.g. predefined) including its time and frequency location (e.g. symbol-level and/or RB-level and/or RE-level) with potential impact on PUSCH resource mapping.

Source 1-2 (Nokia, NSB):
Signaling of assistance information for interference/channel estimation over Xn interface. Potential signaling of UL muting pattern.




Companies are invited to provide views on the above proposal. 
	Companies
	Views

	Huawei, HiSilicon
	· Title
To keep the same style as other sections, we propose to simplify the title a bit
UL Resource muting based scheme MMSE-IRC receiver

· Reference scheme for performance comparison
Considering the comments last week, we propose to add one new reference scheme
Reference scheme 1: The gNB-to-gNB CLI interference covariance matrix cannot be obtained accurately hence the CLI cannot be effectively suppressed.
Reference scheme 2: The gNB-to-gNB CLI interference covariance matrix is estimated based on transparent UL resource muting (e.g. gNB avoid scheduling the UL symbol).

· Specification Impact of the proposed scheme
UL muting resource patterns (e.g. predefined) including its time and frequency location (e.g. symbol-level and/or RB-level and/or RE-level).

	Ericsson
	Our understanding is that UL transpartent muting can be done with today’s spec. However, we are fine to capture evaluations that have been performed by companies, regardless of whether or not they can be done with current spec – we think it is still useful output of the SI.

	Nokia, NSB
	Although we included only observations instead of results in our Tdoc for RAN1#113, the results for this scheme were presented in our Tdocs R1-2207268 and R1-2301571 for previous meetings. Therefore, we prefer to capture them here as well. 

	QC
	Two schemes were discussed in AI 9.3.3 for UL resource muting; 1) transparent muting using gNB scheduling and/or current 3GPP signalling mechanism and 2) non-transparent that requires introduction of new UL resource muting pattern. 

From the above description, it seems that reference scheme-2 should be the baseline scheme for the evaluation. Additionally for scheme 2, not all resources withion the symbol(s) should be blanked or muted to enable interference covariance matrix estimatation. By careful/proper gNB scheduling, some RBs can be muted (i.e, not used for scheduling in the symbol) for interference estimation.  

Further clarification on how the proposed scheme of UL resource muting should work with all uplink channel and signal transmission (PUCCH, PUSCH, SRS, etc), whether RM or pucntruing is utilized and what are the simulations assumptions on the T/F density and periodicity for resource muting. 


	FL
	Two questions regarding the descriptions.

1) Question for reference scheme 1 of Source 1-1 (Huawei, HiSilicon)
· Could you elaborate on the reason why ‘the gNB-to-gNB CLI interference covariance matrix cannot be obtained accurately’? Is it assumed that the unmuted UL resources are used for reference scheme 1?

2) Question for proposed scheme of Source 1-1 (Huawei, HiSilicon)
· The description of the proposed scheme is not clear. The proposed scheme explains that the covariance matrix is obtained by muting some resources, and the reference scheme 2 also explains about the UL resource muting (i.e. ‘The gNB-to-gNB CLI interference covariance matrix is estimated based on transparent UL resource muting’). Among two reference schemes, which scheme is related with the proposed scheme?

	vivo
	For the proposed scheme, we agree with QC and FL that further clarification is needed. For sequenced based PUCCH format, SRS and PRACH, UL resource muting would destroy the sequence structure and lead to UL reception failure. For PUSCH transmission based on DFT-S-OFDM waveform, only consecutive UL resource allocation is supported. UL resource muting is not suitable considering single carrier properties of UL transmission and PAPR lifting issue. 
In addition, for the proposed scheme, it can improve the UL throughput. However, a slight DL UPT degradation for Macro cell with High RU is observed.

	Huawei, HiSilicon
	@FL 

Q1: In Reference scheme-1, the gNB-to-gNB CLI interference covariance matrix is estimated on UL DMRS. Given that the channel estimation accuracy will be impacted by the gNB-to-gNB CLI, the accuracy of gNB-to-gNB CLI interference covariance matrix will also be impacted. The answer to “Is it assumed that the unmuted UL resources are used for reference scheme 1?” is yes. Similar situation as the reference scheme in other sections.  

Q2: Reference scheme 2 relies on transparent UL muting while the proposed scheme uses non-transparent UL resource muting based on a predefined pattern. Some further updates are added to clarify the difference. Both reference schemes are used for performance comparions with the proposed scheme.

@QC

We are not sure whether we should focus on the description of schemes or spend time debating the baseline scheme (same applies for other schemes). Both reference scheme-1 and referene scheme-2 will be used as references for performance comparisons to the proposed scheme. 

Regarding the comments on scheme-2, “Additionally for scheme 2…”, it is not clear whether the comment is for reference scheme-2 or the proposed scheme (non-transpant UL resource muting). If it is for transparent muting, our understanding is that there is still UL coverage loss for the UE which cannot use the symbol for UL transmission. If it is for non-transparent muting, we are not sure why “careful/proper” scheduling is required. 

@QC, vivo
Regarding the applicability of UL resource muting to other UL signal/channels, we focus on PUSCH in our evaluation. If companies wish to appy UL resource muting to other UL signals/channels, they can bring up proposals and/or evaluations as well. On whether RM or puncturing should be applied, our view is that the proposed scheme may or may not have an impact on resource mapping as explained last week. But we try to clarify this in the specification impact. Our assumptions on the T/F location of the UL muting resource are added for the proposed scheme above. 


	New H3C
	We share the similar view with Ericsson and it should be captured in the SI.

	ZTE
	-------------- General comments for all schemes --------------
After reviewing all the comments so far, it seems that companies mixed the discussion of capturing simulation results and draw the conclusion (e.g., spec impact). From our perspective, we can firstly capture all the simulation results into the TR and secondly discuss whether the simulation results are meaningful enough to draw some conclusions. Otherwise, we will get stuck at the very beginning without capturing anyting in the TR.
-------------- General comments for all schemes --------------

Below are our detailed comments for this scheme. 
Regarding the title, we propose to add back “MMSE-IRC receiver”. In fact, UL muting itself can not achieve any gain, it can only help to obtain more accurate measurement results. Thus, if we remove “MMSE-IRC receiver”, it seems the main info is gone. 

Regarding the baseline, the same receiver scheme should be used for the both reference scheme and the proposed scheme so that the benefit of the UL muting can be reflected better.

The UL muting pattern should be clarified first. In RAN1#113 meeting, three potential benefits of UL mutting were identified. Different benefits may require different UL mutting pattern. It would be better to provide some alternatives for the UL muting pattern for companies to evaluate the performance. For the reference scheme 2, the details of the transparent UL muting should be clarified. For example, the symbol before the the UL transmission is reserved for interference covariance matrix estimation. 
	Agreement
The following conclusion is to be captured in the TR
From the study of UL resource muting for gNB-to-gNB co-channel CLI measurement, channel measurement, the followings are observed:
· The UL resource muting can be used to measure the gNB-to-gNB CLI levels with less interference from UL. 
· The UL resource muting can be used to measure the gNB-to-gNB channel with less interference from UL.
· The UL resource muting can be used to measure the gNB-to-gNB CLI interference covariance matrix with less interference from UL.
Note: Above can be done using current specification which supports transparent UL resource muting with gNB scheduling
Note: UL resource muting could incur UL performance loss




Regarding the spec impact of source 1-2, “Signaling of assistance information for interference/channel estimation over Xn interface”. We are not sure what assisted information is exchanged over the Xn interference for covariance matrix estimation. Some clarification will be helpful here.



	LG
	We are fine to capture what has been done by different companies.
Since it is common understanding of the group that transparent UL resource muting can be supported by current spec without any impact while non-transparent method cannot be supported hence has potential spec impact, it would be good to be noted which one is assumed in the evaluation.

@HW
According to the R1-2304646, the cases considered in the simulation is based on the following table.
Table 3. Cases considered in the simulation.
	
	TDD UL/DL configuration
	Note

	Case 1
	Macro gNBs and indoor office TRPs: DDDSU
	No CLI in this situation

	Case 2
	Macro gNBs: DDDSU;
indoor office TRPs: DSUUU
	The channel information/covariance matrix of gNB-to-gNB CLI cannot be obtained, and could not be suppressed by the IRC receiver, which can be named as MMSE-IRC.

	Case 3
	Macro gNBs: DDDSU;
indoor office TRPs: DSUUU
	The channel information/covariance matrix of gNB-to-gNB CLI is obtained by muting resources, and could be suppressed by the IRC receiver, which can be named as E-MMSE-IRC.



According to the evaluation results, it is our understanding that cases 2 and case 3 were used for comparison purpose with varing simulation assumptions, i.e., medium/high loads and with/without joint reception. In our view, it is comparison between with/without channel information/covariance matrix, rather than the transparent/non-transparent UL resource muting pattern. Putting asdie no CLI case, we failed to find where reference scheme 2 is described in the simulation results. Further clarification will be appreciated.


	Huawei, HiSilicon3
	@ZTE
No strong view whether to add MMSE-IRC back but not sure whether it is broad enough to cover the proposed schemes from both sources. 

On the UL muting resource patern, we have clarified the one used in our evaluation. For reference scheme-2, we are fine to discuss the simulation assumptions if the majorities wish to do so. Another possible way is to let companies to report the assumptions used in their evaluations if they plan to submit more results.

@LG
Recalling the discussion in RAN1#113 (also refer to QC’s comments above), reference scheme-2 (transparent muting) is added for performance comparison with the proposed scheme (non-tranparent UL resource muting). It was not in the simulation results which has been submitted but seems useful for comparison.


	FL2
	Thanks for the comments.
Among the descriptions from two sources,
· One part (source 1-2) seems stable.
· The other part (source 1-1) needs to be modified. 

@ Source 1-2 (Nokia, NSB)
The description from Source 1-2 (Nokia, NSB) seems stable. It can be proposed for email agreement.
But, the evaluation results provided in R1-2301571 (i.e., a performance comparison between the cases with/without UL muting) are not captured in excel file in the draft folder. Please update the SLS result in the excel file (DTDD-v010_Nokia_Ericsson.xlsx). 


@ Source 1-1 (Huawei, HiSilicon):
The main purpose of the evaluation seems to show the benefit of using UL resource muting for mitigating gNB-to-gNB co-channel CLI (Note: in the evaluation of two sources, the advanced receiver is applied commonly in the cases with/without UL resource muting.). Even if removing “MMSE-IRC receiver”, the main information seems to remain. Either including or removing “MMSE-IRC receiver” in the title seems fine. Instead of stating a specific type of receiver, “measuring the gNB-to-gNB CLI interference covariance matrix” seems better wording for both source 1-1 and source 1-2.

As mentioned, the performance of reference scheme 2 is not shown in the evaluation result from source 1-1. It seems better to keep the reference scheme 1 only. If any update on the evaluation result, let’s continue to discuss the schemes.


Suggestion for Modification 
Per the comments from companies, the following modification seems reasonable. 

· Title
“Inter-gNB CLI handling scheme #x: UL Resource Muting-based scheme for measuring the gNB-to-gNB CLI interference covariance matrix”

Source 1-1 (Huawei, HiSilicon):
· Reference scheme for performance comparison
When UL resource muting is not applied, the gNB-to-gNB CLI interference covariance matrix cannot be obtained accurately hence the CLI cannot be effectively suppressed.

· Proposed Scheme for gNB-to-gNB co-channel CLI handling
The gNB-to-gNB CLI interference covariance matrix is obtained by muting some resources for the UL transmissions, based on a predefined pattern (in the evaluation, a comb-like muting pattern on one symbol for a PUSCH occasion is assumed) and the CLI can be suppressed by the MMSE-IRC receiver.
Note: Other muting patterns are not precluded.

· Specification Impact of the proposed scheme
In the case of using transparent UL resource muting, no specific cation impact
In the case of using non-transparent UL resource muting, UL muting resource patterns (e.g. predefined) including its time and frequency location (e.g. symbol-level and/or RB-level and/or RE-level) with potential impact on PUSCH resource mapping


	Nokia, NSB
	@All: We share the same view with Ericsson, NewH3C and ZTE that it seems we are mixing the discussion here. It should be clear that results from companies should be respectfully captured. At this stage, we would expect constructive discussions for helping to capture correctly the results. We should not mix this with the discussion on conclusion, otherwise we are wasting our time.

@ZTE 
Thank you for your comments! 
Concerning your comment on the title, we are fine with adding e.g., “with advanced receiver” to be generic, because we used E-LMMSE-IRC receiver to be precise.
Concerning your questions: “Regarding the spec impact of source 1-2, “Signaling of assistance information for interference/channel estimation over Xn interface”. We are not sure what assisted information is exchanged over the Xn interference for covariance matrix estimation. Some clarification will be helpful here.”, we think that the interference plus noise covariance matrix can be estimated better if some information from aggressor gNBs are known to the victim gNB (e.g., reference signal configuration, allocation, precoding scheme, etc.). However, this is optional for better covariance matrix estimation.

@FL: Thank you for the kind reminder! We will update the Excel file soon.

	Huawei, HiSilicon
	On “Specification Impact of the proposed scheme”, the newly added text is not needed since the proposed scheme is non-tranparent UL resource muting. The previous discussion only relates to whether add a new reference scheme. 

In the case of using transparent UL resource muting, no specific cation impact
In the case of using non-transparent UL resource muting, UL muting resource patterns (e.g. predefined) including its time and frequency location (e.g. symbol-level and/or RB-level and/or RE-level) with potential impact on PUSCH resource mapping





1.2 [Open] Inter-gNB CLI handling scheme #2: Time Domain Scheme using an aligned UL slot
Source 2-1 (Ericsson), Source 2-2 (ZTE)

Proposal #1-2 (1)
Capture the text in the TR

	Title
	Inter-gNB CLI handling scheme #x: Time Domain Scheme UL slot(s) aligned between gNBs.

	Reference scheme for performance comparison
	Source 2-1 (Ericsson):
Dynamic TDD (dTDD) has TDD UL/DL configuration FFFFF, as per RAN1 agreement. 

Source 2-2 (ZTE):  
For 2-layer Scenario B (HetNet with Urban Macro and Indoor), semi-static TDD pattern {DDDSU} is used for both Urban Macro cell (layer 1) and Indoor office cell (layer 2) and there is no time domain coordinated scheduling

	Proposed Scheme for gNB-to-gNB co-channel CLI handling
	Source 2-1 (Ericsson):
Dynamic TDD with “protected” UL-only slot (p-dTDD) has TDD UL/DL configuration FFFFU. All gNBs coordinate to configure the same UL-only slot such that it is free of CLI. For example, the UL-only slot can be used by gNBs for reliable reception of UL control channels to support HARQ for the downlink.
Source 2-1 shows SLS results at low, medium, and high load comparing dynamic TDD with protected UL-only slot (p-dTDD) to baseline dynamic TDD (dTDD).

Source 2-2 (ZTE):  
For 2-layer Scenario B (HetNet with Urban Macro and Indoor), semi-static TDD pattern {DDDSU} and {DSUUU} are used for Urban Macro cell (layer 1) and Indoor office cell (layer 2), respectively. 
The gNB schedules the UE suffering severe gNB-to-gNB interference on the UL slots without CLI (i.e., the last UL slot in each TDD period) to avoid the impact of gNB-to-gNB CLI.


	Specification Impact of the proposed scheme
	Source 2-1 (Ericsson):
No specification impact

Source 2-2 (ZTE): 
No specification impact
The exchange between the victim gNB and aggressor gNB on the slot format.
The gNB determines the UE suffering severe gNB-to-gNB interference.




Companies are invited to provide views on the above proposal. 
	Companies
	Views

	Huawei, HiSilicon
	For dynamic TDD evaluations, we had an agreement in RAN1#110bis-e that the baseline operation for comparison is “using dynamic TDD UL/DL assignment based on Rel-17 specifications”. Hence the reference scheme should be something that can be supported today. From this perspective, we are not sure whether the referene scheme should be such that there is no interference coordination at all. 

Secondly, it seems the proposed scheme can be done by implementation today. If the group decide to capture what have been done by different companies, it is another story. It is still not clear what the overall direction is at the moment. 

	Ericsson
	Please see edits to the text under Source 2-1 above. These edits are done for clarity in the description of the schemes that were evaluated. Also, there were on-line comments that the name “protected dTDD” is not accurate. As the chairman suggested, we changed this to “dTDD with a protected UL slot.”

To Huawei’s first point, the relevant RAN1 agreements are shown below (see highlighted parts). In the first agreement, it says the baseline is using dynamic TDD UL/DL assignment based on Rel-17 specifications. Rel-17 supports FFFFF, and indeed, the 2nd agreement says that for evaluation of dynamic TDD, this slot format pattern should be used. Hence it seems clear that the reference scheme can be without interference co-ordination scheme.

To Huawei’s second point, indeed, p-dTDD can be done with by implementation as today. The same can be said for improved IRC receiver performance based on transparent UL muting (Proposal #1-1). Hence, in our view, the overall direction should be that we capture companies’ evaluations

Agreement
For dynamic TDD evaluations, the following is assumed. 
	
	Target dynamic/flexible TDD operation
	Baseline operation for comparison
	UL/DL arrival rate determination method

	1-layer scenario (FR1/FR2-1)
	Using dynamic TDD UL/DL assignment based on potential enhancements discussed in AI 9.3.3
	using dynamic TDD UL/DL assignment based on Rel-17 specifications
	UL/DL arrival rate is selected so that network using legacy static TDD {DDDSU} achieves a certain level of Type-2 RU**(i.e., <10%, 20%-40% and ≥50% for low, medium and high load).

	2-layer Scenario B (FR1)*
	Layer 2 using legacy static TDD {DSUUU} based on potential enhancements discussed in AI 9.3.3
	Layer 2 using legacy static TDD {DDDSU} based on Rel-17 specifications
	UL/DL arrival rate is selected for each layer independently so that each layer using legacy static TDD {DDDSU} achieves a certain level of Type-2 RU**(i.e., <10%, 20%-40% and ≥50% for low, medium and high load).

	
	Layer 2 using dynamic TDD UL/DL assignment based on potential enhancements discussed in AI 9.3.3
	Layer 2 using dynamic TDD UL/DL assignment based on Rel-17 specifications
	

	*: For 2-layer Scenario B (FR1), layer 1 using legacy static TDD {DDDSU} for both target and baseline operation
**: Type-2 RU definition is the same as that defined for SBFD evaluation




Agreement
For evaluation of dynamic/flexible TDD for the single operator case, consider the following scenarios:
· FR1
· 1-layer scenario: Indoor office with dynamic TDD UL/DL assignment
· (Optional) 1-layer scenario: Urban Macro with dynamic TDD UL/DL assignment
· 2-layer Scenario B
· Layer 1: Urban Macro
· Layer 2: Indoor office or Indoor factory (companies to report which one is used)
· Indoor factory is optional (Companies are to report the used layout.)
· Regarding the Indoor office layer, reuse the Indoor office (InH) scenario (i.e., open office in Table 7.2-2 in TR38.901) and relevant channel model in TR38.901.
· Regarding the Indoor factory layer, reuse the Indoor factory (InF) scenario (i.e., Table 7.2-4 in TR38.901) and relevant channel model in TR38.901.
· FFS: consider only one indoor office/factory dropped in the whole network
· Regarding 2-layer scenario, the two layers are deployed in the same carrier
· Layer 1 uses legacy static TDD operation with DL dominant static TDD UL/DL configuration
· Layer 2 uses one of the following options (companies to report which option is used)
· Option 1: All gNBs in layer 2 use legacy static TDD operation with the same UL dominant static TDD UL/DL configuration
· Option 2: All gNBs in layer 2 use dynamic TDD UL/DL assignment
· Other options are not precluded and can be reported by companies
· FR2-1
· 1-layer scenario: Indoor office with dynamic TDD UL/DL assignment
· (Optional) 1-layer scenario: Dense Urban Macro layer with dynamic TDD UL/DL assignment
· For above scenarios, the following is assumed:
· DL dominant static TDD UL/DL configuration: {DDDSU}, where S=[12D:2G:0U]
· UL dominant static TDD UL/DL configuration: {DSUUU}, where S=[12D:2G:0U]
· dynamic TDD UL/DL assignment: {FFFFF}, companies to report the guard symbols assumed in their simulation
· other configurations for dynamic TDD are not precluded and can be reported by companies
Companies can submit results for other scenarios



	FL
	1) Comment about the title:
When I see the description of the schemes, the common point of the two schemes may be that the UL slot(s) without CLI which is commonly used for all gNBs is/are assumed. In this sense, the title ‘Time Domain Scheme using an aligned UL slot’ seems applicable, if there is no strong objection.

2) Question about the specification Impact
Is it right understanding that there is no specification impact for the proposed scheme of Source 2-1 (Ericsson)?



	vivo
	The exchange between the victim gNB and aggressor gNB on the slot format is supported in current spec.
For the scheme that UE with the worst CLI interference allocated on the last UL symbol/slot, the CLI interference level can be acquired by gNB implementation, e.g gNB measures gNB-to-gNB CLI via SSB. This scheme can be achieved by gNB implementation. For the scheme called as p-dTDD it can also be achieved by gNB implementation.
So, the Specification Impact should be: No spec impact. It can be acheived base on gNB implementation.

	Huawei, HiSilicon
	On the specification impact of Source 2-2, it seems that the slot format exchange can be based on Rel-17 specification. “gNB determines the UE suffering severe gNB-to-gNB interference” seems like a gNB scheduler implementation without specification impact?

	Ericsson 2
	@FL
It would be fine with us to use the wording “aligned UL slot” instead of “protected UL slot”. It would be even more accurate to call it “Time domain scheme using an UL slot aligned between gNBs.” 

@FL, vivo, Huawei
Regarding specification impact, indeed for Source 2-1 there is no spec impact, and it can be achieved by gNB implementation. We think this is also true for Source 2-2. 

As we have said before, we don’t think this is a criterion that should be used to decide whether or not sources’ evaluation results are included in the TR. Transpartent UL muting and some schemes based on UL power control operation can also be achieved without specification impact by gNB implementation. In fact, it is not yet clear without RAN3 involvement that any of the schemes considered in AI 9.3.3 necessarily have spec impact depending on how the information on an interface is containerized (potentially privately).

	New H3C
	From our perspective, the proposed scheme can be done by implementation. There  is no spec impact. 

	ZTE
	We are ok to remove the spec impact of Source 2-2 if that’s the common understanding. 

	LG
	We are fine to capture what has been done by different companies. Besides we also think if it can be readily supported without specification impact, no need to further clarify what specification impact will be. And we also think there can be no specification impact for both of sources.

	FL2
	Thanks for the comment.
There is no serious concern about the description from two sources.
· There were comments for just minor modification about the title and specificiation impact. 
· The other part seems stable.  

Suggestion for Modification 
Title
Inter-gNB CLI handling scheme #x: Time domain scheme using UL slot(s) aligned between gNBs.

· Specification Impact of the proposed scheme
Source 2-1 (Ericsson):
No specification impact

Source 2-2 (ZTE): 
No specification impact





1.3 [Open] Inter-gNB CLI handling scheme #3: Frequency Domain Coordination Scheme
Source 3-1 (Qualcomm)

Proposal #1-3(1)
Capture the text in the TR

	Title
	Inter-gNB CLI handling scheme #x: Frequency Domain Coordination Scheme

	Reference scheme for performance comparison
	Source 3-1 (Qualcomm):
Deployment scenario #1: Indoor office (InH) with dynamic TDD assignment (FFFFF)

Deployment scenario #2: Urban Macro (UMa) with semi-static TDD assignment (DDDSU). Note that, dynamic TDD assignment (FFFFF) wasn’t used as the inter-gNB CLI for UMa is too large resulting into a worse performance compared to semi-static TDD. 


	Proposed Scheme for gNB-to-gNB co-channel CLI handling
	Source 3-1 (Qualcomm):
The frequency resources within a carrier are split into a DL-only resources (i.e DL subband) and UL-only resources (UL-subband) in asynchronous/CLI slots. This subband split provides frequency isolation between aggressor and victim gNBs which helps mitigating inter-gNB co-channel CLI.

	Specification Impact of the proposed scheme
	Source 3-1 (Qualcomm):
Info-exchange between gNBs of the locations of the frequency domain resources reserved for DL-only transmission or UL-only recepetion.




Companies are invited to provide views on the above proposal. 
	Companies
	Views

	Huawei, HiSilicon
	If we understand the proposed scheme correctly, this scheme can be done by implementation wherein the DL reception and UL transmission are restricted to two sets of orthogonal PRBs in frequency domain. 

Again, if the group decide to capture what have been done by different companies, it is another story. It is still not clear what the overall direction is at the moment.

	Ericsson
	In our view, the direction should be to capture what has been evaluated by different companies.

	QC
	Reply to HW: gNB implementation can’t handle a network deployment with multi-vendors, for Uma scenario at least, and these info needs to be exchanged through Xn interface.

	vivo
	For this scheme, DL UPT may significantly decrese due to the orthogonal freq. resources among cells.
Info-exchange between gNBs of intended TDD configuration is supported in current spec. Additional info-exchange between gNBs may be frequency resource, i.e. SBFD configuration. The spec impact may not be specific for dTDD. 


	Huawei, HiSilicon
	The information exchange among gNBs cannot enforce gNB scheduling decisions in particular in a multi-vendor case. For the same vendor deployment case, coordinated scheduling can be done in a propriety way without the need of specifying information exchange among gNBs. 

Anyway, we are fine to capture what has been done by different companies if this is the general spirit of this email discussion. However, we should also keep in mind the above when we have further discussions. 

	Ericsson 2
	Regarding Qualcomm’s statement in the description of the reference scheme “Note that, dynamic TDD assignment (FFFFF) wasn’t used as the inter-gNB CLI for UMa is too large resulting into a worse performance compared to semi-static TDD.”

As we have shown in our contribution, this is not necessarily true at low load for the case of cochannel gNBs. We show the following results for mean UL user throughput in our contribution where “Pure dTDD” corresponds to TDD assignment FFFFF, “protected dTDD” corresponds to TDD assignment FFFFU, and static-TDD has assignment DDDDU. It can be seen that at low load, FFFFF can achieve better throughput than static TDD. Note that from the prior RAN4 study where dTDD results where not shown for UMa, that was because only full buffer was considered, which is even higher load that the “high load” we are considering in the Rel-18 SI.

[image: ]

Also, Qualcomm raises an important point in their reply to HW about network deployment with multi-vendors. This is the most typical scenario, and in this SI, we have only considered co-channel CLI and completely ignored adjacent channel CLI (all agreements in AI 9.3.3 explicitly say “co-channel CLI”). In our understanding all evaluation results presented by various sources also consider only co-channel CLI mitigation. Given that in the real world, system performance will be determined by both co-channel and adjacent channel CLI, it is not clear from this Rel-18 SI how we can even make conclusions on CLI mitigation that are relevant to the more general case of multi-vendor (except for the typical scenario where operators agree to align their UL slot(s) in their TDD UL/DL patterns, as is possible with the scheme in Proposal #1-2).

	New H3C
	We are fine to to capture what has been done by different companies. 

	ZTE
	We think the information exchange between victim gNB and aggressor gNB regarding the frequency resource split is needed since the existing spec only supports time domain resource info exchange. 

	LG
	We are fine to capture what has been done by different companies. Although the title already says “frequency domain”, it would be even better to clarify spec impact as follows if we understand correctly:
“Info-exchange between gNBs of the locations of the frequency domain resources reserved for DL-only transmission or UL-only recepetion.”

	FL
	Thank you for the comment.
In the QC’s description, baseline operation for compariosn should be clarified.

Following are agreement about the evaluation assumption for performance comparison. 
InH (FR1)
Baseline operation for comparison: dynamic TDD UL/DL assignment based on Rel-17 specifications
Target flexible TDD operation: dynamic TDD UL/DL assignment based on potential enhancements
For Urban Macro (FR1)
Baseline operation for comparison: dynamic TDD UL/DL assignment based on Rel-17 specifications
Target flexible TDD operation: dynamic TDD UL/DL assignment based on potential enhancements

Suggestion for Modification 

· Reference scheme for performance comparison
Deployment scenario #1 seems to be aligned with the agreement.
But, for deployement scenario #2, semi-static TDD assignment (DDDSU) is assumed, which may not be aligned with agreement of evaluation assumption. We may consider two possible ways.
· Alt.1: Simply remove the deployement scenario #2 of reference scheme for performance comparison
· Alt.2: Provide evaluation result based on the agreed evaluation assumption (i.e., dynamic TDD assignment (FFFFF) for UMa)
Any how, in this time, alt.1 seems better choice.

· Proposed Scheme for gNB-to-gNB co-channel CLI handling
In R1-2305334, following was described. 

[image: ]
[bookmark: _Ref101943541]Figure 3‑37: Freq. domain coordinated scheduling for enabling dynamic TDD in UMa

The description of proposed Scheme for gNB-to-gNB co-channel CLI handling of source 3-1 (Qualcomm) may explain the figure 3-37 in R1-2305334.
If my understanding is correct, ‘the subband split provides frequency isolation between aggressor and victim gNBs which helps mitigating inter-gNB co-channel CLI.’

· Specification Impact of the proposed scheme
The proposed scheme may target frequency domain resource coorination between gNBs.It seems better to add ‘frequency domain’ for clarification as commented by LG.
“Info-exchange between gNBs of the locations of the frequency domain resources reserved for DL-only transmission or UL-only recepetion.”






1.4 [Open] Inter-gNB CLI handling scheme #4: Spatial Domain Coordination Scheme for gNB Tx-Beam Nulling 
Source 4-1 (China Telecom, ZTE), Source 4-2 (Qualcomm)

Proposal #1-4(1)
Capture the text in the TR

	Title
	Inter-gNB CLI handling scheme #4: Spatial Domain Coordination Scheme for gNB Tx-Beam Nulling

	Reference scheme for performance comparison
	Source 4-1 (China Telecom, ZTE):
No Tx beam nulling since the aggressor gNB does not know the channel information between the aggressor gNB and victim gNB

Source 4-2 (Qualcomm):
Dynamic TDD without aggressor (Tx) gNB nulling due to lack of inter-gNB channel information and lack of inter-gNB CLI measurements

	Proposed Scheme for gNB-to-gNB co-channel CLI handling
	Source 4-1 (China Telecom, ZTE):
Tx beam nulling is performed by the aggressor gNB.
The victim gNB measures the channel information based on the NZP CSI-RS transmitted from the aggressor gNB to the victim gNB and then delivers the measured channel information to the aggressor gNB. 
The aggressor gNB determines the DL precoder for its serving UEs by taking the channel information between aggressor gNB and victim gNB into account so that the DL transmission beam has the least interference to the victim gNB.

Source 4-2 (Qualcomm):
Agressor gNB Tx nulling towards victim gNB(s) based on knowledge of the channel between the aggressor and victim gNB(s). 
Victim gNB(s) are identified based on inter-gNB CLI measurements. 

	Specification Impact of the proposed scheme
	Source 4-1 (China Telecom, ZTE):
The information exchange between the aggressor gNB and victim gNB, including the measurement resource and the measurement results.

Source 4-2 (Qualcomm):
Co-channel CLI/channel measurements based on information exchange between gNBs of the CLI resource configuration and CLI measurement reports. 

Note: CLI measurement reports are needed to identify victim gNB(s) and CLI resource configuration (e.g. CSI-RS resource) is needed to estimate the channel between the aggressor and victim gNBs. 

General:
Spatial relation configuration to UE, e.g., TCI state ID, QCL information, to be updated depending on time level of gNB's Tx beam changing, e.g., semi-static or dynamic.





Companies are invited to provide views on the above proposal. 
	Companies
	Views

	Huawei, HiSilicon
	As commented last week, beam nulling can be done even without gNB-gNB channel measurement. One simple example is that when determining the precoder for DL transmission at the aggressor gNB, a set of steering vectors pointing to the direction of the victim gNB(s) can be considered based on the location information of the gNBs. 

Even if we pick a reference scheme which does NOT apply beam nulling, there is a general question with respect to the reference scheme for performance comparison. As discussed above, there are several possibilities based on Rel-17 specification. It is not clear which one we should pick.

	Ericsson
	Thank-you for the description of Tx beam nulling. We now understand what scheme has been evaluated.

	FL
	Thanks for the description of Tx beam nulling. 

In the RAN1#113 meeting, there were questions about the channel information.
To be specific,
· What types of channel information are assumed in the evaluation?
· How the channel information between gNBs is delivered? 
· How the channel information at the aggressor gNB is used?

1) Common question about the proposed schemes of source 4-1 and source 4-2
Could you elaborate on the meaning of ‘the measured channel information’ and ‘knowledge of the channel’?
· ‘delivers the measured channel information to the aggressor gNB.’
· ‘knowledge of the channel between the aggressor and victim gNB(s).’

Is ‘the measured channel information’ used to calculate the Tx weight matrix for operating the digital domain Tx beam nulling in the evaluation? 
Or 
Does ‘the measured channel information’ mean beam information (i.e., preferred/non-preferred beam index and/or RSRP-like measurement quantity)?

	vivo
	This scheme can improve the UL UPT at victim gNB. However, DL throughput degradation at aggressor gNB is observed.
To facilitate gNB-to-gNB channel measurement, information exchange on NZP CSI-RS resource configurations may be required among gNBs.
For Reference scheme for performance comparison, beam nulling can also be performed by the aggressor gNB based on implemanttion. It seems not fair to make   no beam nulling performed by the aggressor gNB as the reference scheme. For example, gNB can measure SSB of a victim gNB, and perform beam nulling based on scheduling method.  

	Huawei, HiSilicon
	@FL 

As commented above, beam nulling can also be done via implementation without the need of channel measurement among gNBs. Should we add this as baseline reference scheme as well or should we simply capture the reference scheme companies used in their evalution? Some clarifications would be helpful to proceed the discussion. 

	ZTE
	Regarding FL’s questions, victim gNB measures the channel between aggressor gNB and victim gNB based on the CSI-RS sent by aggressor gNB. Then victim gNB picks the best suitable PMI (Precoding Matrix Indicator) based on the channel info (i.e., similar like what a UE would do) and send the PMI to the aggressor gNB. Ideally, it would better if the victim gNB can send all the channel matrix to the aggressor gNB, but it would consume more resource to do this kind of channel matrix exchange. The aggressor gNB determines the DL precoder for its serving UEs by taking the channel information between aggressor gNB and victim gNB into account so that the DL transmission beam has the least interference to the victim gNB.

Regarding Huawei’s question. The location info itself is not sufficient since the channel between aggressor gNB and victim gNB will have other impact factors, e.g., reflection. 

	LG
	We are fine to capture what has been done by different companies.
Besides, it is our understanding that what have done for Tx beam nulling by companies are based on both of analog and digital domain Tx null beamforming. On the other hand, location based null beam relies on analog beamforming only, which is different from description from sources.
Regarding the specification impact, it is our understanding that it could lead pre-configrued spatial relation configuration to UE, e.g., TCI state ID, QCL information, to be updated depending on time level of gNB's Tx beam changing, e.g., semi-static or dynamic.
Besides, the results of source 4-1 seems hard to be captured in the excel file since it is based on the field test.

	Huawei, HiSilicon 3
	Clarifications from the FL will be helpful, can we discuss new baseline reference scheme or should we simply capture the reference scheme companies used in their evalution? This applies for the schemes in all sections. 
On ZTE’s comments, 75% LoS probability is adoped for Macro-gNB-to-Macro-gNB in the evaluation. Location based Tx nulling seems like a good reference for comparison which does not require channel measurements among gNBs.

	FL 2
	Thank you for the comment.
So far, there is no strong concern about the description itself from source 4-1 and source 4-2. 

· Controveral point is the reference scheme for performanc comparison. 
· Specification impact from the UE point of view

The reference scheme for performanc comparison
In the evaluation of source 4-1 and 4-2, no Tx-nulling is assumed. In the description of the reference scheme, it is explained well. It seems there is no problem.

In this discussion, we are talking that the reference scheme is based on the agreed evaluation assumption and up to Rel-17 specification. In the agreements, it seems that evaluation assumption about the gNB Tx beam is not captured. In my understanding, one of gNB implementation for gNB Tx beamforming can be selected as a reference scheme for the performance comparison, and no beam-nulling is assumed in this evaluation.  
If other companies want to compare the performance based on the different assumption, the evaluation results from the companies will be much welcomed.

Suggestion for Modification 
Specification impact from the UE point of view
LG provided a comment.
Following may be captured as a specificiaton impact.
· Spatial relation configuration to UE, e.g., TCI state ID, QCL information, to be updated depending on time level of gNB's Tx beam changing, e.g., semi-static or dynamic.


	Huawei, HiSilicon
	On the newly proposed text from LG, we are not sure it is needed. The field test results from source 4-1 and evaluations from source 4-2 are both for FR1. Not sure why spatial relation configuration for the UE should be changed. If there are more simulation results related to beam pairing for FR2, we can discuss them later.




1.5 [Open] Inter-gNB CLI handling scheme #5: Power Control scheme based on UE Tx Power Adjustment
Source 5-1 (Nokia, NSB), Source 5-2 (Qualcomm)

Proposal #1-5(1)
Capture the text in the TR

	Title
	Inter-gNB CLI handling scheme #x: Power Control scheme based on UE Tx Power Adjustment

	Reference scheme for performance comparison
	Source 5-1 (Nokia, NSB): 
Dynamic TDD baseline operation.

Source 5-2 (Qualcomm):
Same UL power control parameters for slots with CLI and slots without CLI.


	Proposed Scheme for gNB-to-gNB co-channel CLI handling
	Source 5-1 (Nokia, NSB): 
UE Tx power optimization to improve the UL SINR condition on the victim gNBs

Source 5-2 (Qualcomm): 
Different UL power control parameters for slots with CLI and slots without CLI. 
One potential deployment is for SBFD deployment where two different PC parameters are used for UL transmission in SBFD and non-SBFD slots. 


	Specification Impact of the proposed scheme
	Source 5-1 (Nokia, NSB): 
Indication of specific open loop power control parameters is supported since URLLC studies for dynamic grant scheduling. Other UL signals do not support such flexibility and specifications changes can be discussed

Source 5-2 (Qualcomm):
Different UL power control mechanisms (both closed-loop and open-loop) for slots with CLI and without CLI. 





Companies are invited to provide views on the above proposal. 
	Companies
	Views

	Huawei, HiSilicon
	Separate UL power control can be supported based on the exsting specification. We think this can be the referene scheme for performance comparison.

	Ericsson
	In our view, the direction should be to capture what has been evaluated by different companies.

	QC
	Rel-16 enabled some limited enhancement for open-loop PC parameter (P0) for some channel (DG-PUSCH). There could be other enhancement for the rest of uplink signal/channels for both open-loop and closed-loop PC parameters. 

	vivo
	This scheme can improve the UL UPT. However, it observed that this scheme leads to the higher inter-UE CLI and reduces downlink throughput.
For spec impact perspective, 
· For DG PUSCH, UL power control can be achieved by gNB implementation.
· For CG PUSCH, the need has not been justified so far.
· If necessary, the UL power control schemes for SBFD operation can be reused for dTDD.  


	Huawei, HiSilicon
	@QC 
We assume the performance evaluation are for DG-PUSCH (no?) and separate power control are already supported. Why should we discuss other UL signals/channels which are not evaluated? 

Again, we are fine to capture what has been done by different companies if this is the general spirit of this email discussion.

	New H3C
	We are fine to apture what has been evaluated by different companies.

	ZTE
	One question for clarification. 
Since separate Po indication is supported for DG PUSCH, what are the enhancements in this scheme? Is it CG PUSCH or DG PUSCH repetition where each repetition can apply different Po?

	LG
	We are fine to capture what has been done by different companies.
Although separate power control parameter can be readily supported by current specification, different power control parameter in accordance with existence of CLI seems different problem which can lead specification impact. In our view, that is the reason why we made following agreement in AI 9.3.2 in last meeting.

Agreement
The following conclusion is to be captured in the TR
For SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots, it may be beneficial to have separate resources, FH parameters, UL power control parameters and/or beam/spatial relation.

	FL
	Thanks for the comment. 
The description itself seems stable. 

The controversial point is whether different UL power control mechanisms for DG-PUSCH can be applied depending on slots with CLI and without CLI by using current specification.

In the evaluation of source 5-1 and sourc 5-2, DG-PUSCH with single tx power control parameter seems to be assumed.
If it is true that different UL open-loop power control can be applied for DG-PUSCH by using crrent specification, it seems reasonable that DG-PUSCH with different UL open-loop power control parameter may be a reference scheme and DG-PUSCH with different UL open-loop/close-loop power control parameter may be a proposed scheme for performance comparison. 
Or, other signal/channel (i.e., PUSCH repetition, TBoMS, CG-PUSCH, PUCCH, SRS) with single tx power control parameter may be assumed as a baseline scheme. 

If this understanding is correct, further clarification about the reference scheme seems to be necessary. 






1.6 [Open] Inter-gNB CLI handling scheme #6: Power Control scheme based on gNB Tx Power Adjustment
Source 6-1 (Nokia, NSB), Source 6-2 (Qualcomm)

Proposal #1-6 (1)
Capture the text in the TR

	Title
	Inter-gNB CLI handling scheme #x: Power Control scheme based on gNB Tx Power Adjustment

	Reference scheme for performance comparison
	Source 6-1 (Nokia, NSB):
Dynamic TDD baseline operation

Source 6-2 (Qualcomm):
No DL power adjustment by the aggressor gNB with dynamic TDD assignment


	Proposed Scheme for gNB-to-gNB co-channel CLI handling
	Source 6-1 (Nokia, NSB):
Aggressor gNB decreases the transmit power in agreed intervals with the victim gNB to ensure that the gNB-gNB CLI is kept within the tolerable limits at the victim gNB

Source 6-2 (Qualcomm):
DL power adjusmtement (e.g., power back-off) by the aggressor gNB at slots with inter-gNB CLI.


	Specification Impact of the proposed scheme
	Source 6-1 (Nokia, NSB):
Xn signaling enhancements to support the handshake agreement between victim and aggressor gNB for the DL transmit power reduction:
· Step 0: Measurements and identification of aggressor(s)
· Step 1: Indication of DL Tx power reduction by the victim gNB
· Step 2: Confirmation by the aggressor gNB on whether it can accept the new DL Tx power conditions

Source 6-2 (Qualcomm):
Info exchange between gNBs of recommended DL power adjustment of aggressor gNB based on CLI measurements

General
· UE behavior for the UE knowing the gNB Tx power adjustment
· CSI reporting depending on power of which downlink signal is adjusted





Companies are invited to provide views on the above proposal. 
	Companies
	Views

	Huawei, HiSilicon
	We will provide comments later when there are more details.

	vivo
	This scheme can improve the UL throughput. However, the DL throughput and coverage degradation for cell-edge is observed.
This shceme may be achieved by gNB implementation, for example, gNB can reduce the power of PDSCH/DMRS, PDCCH and CSI-RS resource to suppress CLI to a victim gNB.

	Huawei, HiSilicon2
	We would like to have some clarification on how a victim gNB can determine the recommended power backoff values when there are multiple aggressors. Is the power backoff value assumes a single aggressor or multiple aggressors? How is an aggressor supposed to use the recommended power backoff without knowing others may or may not causing CLI due to dynamic scheduling?  

Again, we are fine to capture what has been done by different companies if this is the general spirit of this email discussion. 

	New H3C
	we are fine to capture what has been done by different companies

	ZTE
	We think the spec impact may also include the impact to the UE behavior at least for the UE knowing the Tx power adjustment.

	LG
	We are fine to capture what has been done by different companies.
Regarding the specification impact, it is our understanding that downlink power change can cause specification impact depending on which power of which signal is adjusted. When downlink transmit power of CSI-RS is adjusted, MCS selection and CSI report from UE will be affected, which is similar case with downlink power control of eIAB. Therefore depending on power of which downlink signal is adjusted, we may need to report CQI accounting for it.

	FL
	Thanks for the comments.
The descriptions of source 6-1 and source 6-2 seems stable.

Suggestion for Modification 
Specification impact from the UE point of view.
Comment from ZTE and LG were provided.
Following can be captured as a specification impact.
· UE behavior for the UE knowing the gNB Tx power adjustment
· CSI reporting depending on power of which downlink signal is adjusted


	Nokia, NSB
	@FL: We are fine with the update but would like to capture also the potential information exchange over Xn interface as well. Our understanding is that we should list all potential specification impacts. Though it seems the intention from FL is only capturing RAN1 specifications impacts.

@Huawei, HiSilicon2: We considered applying power reduction on the aggressor macro gNBs.  However, in a more generic scheme as you said, we think CLI measurement could be done as a first step to identify at least the most aggressive gNB, which will then apply the Tx power reduction. This at least can reduce the CLI from the most aggressive, regardless of the CLI from the other secondary agressors. Btw, our simulation shows that the most CLI contributor is the most aggressive gNB.





1.7 [Open] Inter-gNB CLI handling scheme #0: Inter-gNB co-channel CLI measurement and/or channel measurement
FL

Proposal #1-7
Capture the text in the TR

	Title
	

	Scheme for gNB-to-gNB co-channel CLI handling
	

	Specification Impact of the scheme
	



Companies are invited to provide views on the above proposal. 
	Companies
	Views

	Huawei, HiSilicon
	Not sure this should be discussed at the moment and not sure about the relation between section 1.7 and other sections such as 1.2, 1.3 and 1.4. 

	Ericsson
	Share similar view with Huawei.

Genearlly, we think the scopoe of this email discussion is only about schemes that have actually been evaluated.

	FL
	Thanks for the comment.
Let’s focus on the proposals in section 1.1 to section 1.6 in this email discussion.





1.8 [Open] Inter-gNB/Inter-UE CLI handling scheme #0: Time/frequence configuration of neighbour gNB
FL

Proposal #1-8
Capture the text in the TR

	Title
	

	Scheme for gNB-to-gNB co-channel CLI handling
	

	Specification Impact of the scheme
	




Companies are invited to provide views on the above proposal. 
	Companies
	Views

	Huawei, HiSilicon
	Not sure this should be discussed at the moment and not sure about the relation between section 1.7 and other sections such as 1.2, 1.3 and 1.4. 

	Ericsson
	Share similar view with Huawei.

Genearlly, we think the scopoe of this email discussion is only about schemes that have actually been evaluated.

	FL
	Thanks for the comment.
Let’s focus on the proposals in section 1.1 to section 1.6 in this email discussion.





1.9 [Open] Inter-gNB CLI handling scheme #4: Spatial Domain Coordinated Scheme (2)
FL

Proposal #1-9
Capture the text in the TR

	Title
	

	Scheme for gNB-to-gNB co-channel CLI handling
	

	Specification Impact of the scheme
	




Companies are invited to provide views on the above proposal. 
	Companies
	Views

	Huawei, HiSilicon
	Not sure this should be discussed at the moment and now sure about the difference between this section and section 1.4 without knowing the details.

	Ericsson
	Share similar view with Huawei.

Genearlly, we think the scopoe of this email discussion is only about schemes that have actually been evaluated.

	FL
	Thanks for the comment.
Let’s focus on the proposals in section 1.1 to section 1.6 in this email discussion.





1.10 [Open] Inter-UE CLI handling scheme #0: L1/L2 based co-channel CLI measurement and reporting scheme
FL

Proposal #1-10
Capture the text in the TR

	Title
	

	Scheme for UE-to-UE co-channel CLI handling
	

	Specification Impact of the scheme
	



Companies are invited to provide views on the above proposal. 
	Companies
	Views

	Huawei, HiSilicon
	Now sure why we need to have a discussion on the detailed measurement and reporting schemes at the moment.  

	Ericsson
	Share similar view with Huawei.

Genearlly, we think the scopoe of this email discussion is only about schemes that have actually been evaluated.

	FL
	Thanks for the comment.
Let’s focus on the proposals in section 1.1 to section 1.6 in this email discussion.





2 Proposals for email approval
Proposal #1-1(3)
The following is agreed to be captured in the TR with possibility for revision in the RAN1#114.
Inter-gNB CLI handling scheme #x: UL Resource Muting-based scheme for measuring the gNB-to-gNB CLI interference covariance matrix
· Reference scheme for performance comparison
· Source x-1 (Huawei, HiSilicon): 
· UL resource muting is not applied and the gNB-to-gNB CLI interference covariance matrix is obtained based on UL DMRS.
· Source x-2 (Nokia, NSB): 
· E-LMMSE-IRC (Rel-14 NR Study Item phase. 3GPP TR 38.802, Section 10) without UL muting.
· Proposed Scheme for gNB-to-gNB co-channel CLI handling
· Source x-1 (Huawei, HiSilicon):
· The gNB-to-gNB CLI interference covariance matrix is obtained by muting some resources for the UL transmissions, based on a predefined pattern (in the evaluation, a comb-like muting pattern on one symbol for a PUSCH occasion is assumed) and the CLI can be suppressed by the MMSE-IRC receiver.
· Ideal channel estimation for UL PUSCH of victim gNB is assumed.
· Note: Other muting patterns are not precluded.
· Source x-2 (Nokia, NSB):
· E-LMMSE-IRC with UL muting (no resources colliding with aggressor gNBs resources used for interference estimation)
· Covariance matrix estimation based on assisted information exchange of the CLI aggressor characteristics over the Xn interface
· Specification Impact of the proposed scheme
· Source x-1 (Huawei, HiSilicon): 
· Non-transparent UL muting resource patterns (e.g. predefined) including its time and frequency location (e.g. symbol-level and/or RB-level and/or RE-level) with potential impact on PUSCH resource mapping
· Source x-2 (Nokia, NSB): 
· Signaling of assistance information for interference/channel estimation over Xn interface. Potential signaling of UL muting pattern.

Proposal #1-2(1)
The following is agreed to be captured in the TR with possibility for revision in the RAN1#114.
Inter-gNB CLI handling scheme #x: Time Domain Scheme using UL slot(s) aligned between gNBs
· Reference scheme for performance comparison
· Source x-1 (Ericsson): 
· Dynamic TDD (dTDD) has TDD UL/DL configuration FFFFF, as per RAN1 agreement. 
· Source x-2 (ZTE):  
· For 2-layer Scenario B (HetNet with Urban Macro and Indoor), semi-static TDD pattern {DDDSU} is used for both Urban Macro cell (layer 1) and Indoor office cell (layer 2) and there is no time domain coordinated scheduling
· Proposed Scheme for gNB-to-gNB co-channel CLI handling
· Source x-1 (Ericsson):
· Dynamic TDD with “protected” UL-only slot (p-dTDD) has TDD UL/DL configuration FFFFU. All gNBs coordinate to configure the same UL-only slot such that it is free of CLI. For example, the UL-only slot can be used by gNBs for reliable reception of UL control channels to support HARQ for the downlink.
· Source 2-1 shows SLS results at low, medium, and high load comparing dynamic TDD with protected UL-only slot (p-dTDD) to baseline dynamic TDD (dTDD).
· Source x-2 (ZTE):  
· For 2-layer Scenario B (HetNet with Urban Macro and Indoor), semi-static TDD pattern {DDDSU} and {DSUUU} are used for Urban Macro cell (layer 1) and Indoor office cell (layer 2), respectively. 
· The gNB schedules the UE suffering severe gNB-to-gNB interference on the UL slots without CLI (i.e., the last UL slot in each TDD period) to avoid the impact of gNB-to-gNB CLI.
· Specification Impact of the proposed scheme
· Source x-1 (Ericsson):
· No specification impact
· Source x-2 (ZTE):  
· No specification impact

Proposal #1-3(2)
The following is agreed to be captured in the TR with possibility for revision in the RAN1#114.
Inter-gNB CLI handling scheme #x: Frequency Domain Coordination Scheme
· Reference scheme for performance comparison
· Source x-1 (Qualcomm): 
· Deployment scenario #1: Indoor office (InH) with dynamic TDD assignment (FFFFF)
· Proposed Scheme for gNB-to-gNB co-channel CLI handling
· Source x-1 (Qualcomm): 
· The frequency resources within a carrier are split into a DL-only resource (i.e., DL subband) and UL-only resources (UL-subband) [in asynchronous/CLI slots].
· This subband split provides frequency isolation between aggressor and victim gNBs which helps mitigate inter-gNB co-channel CLI.
· Specification Impact of the proposed scheme
· Source x-1 (Qualcomm): 
· Information exchange between gNBs of the locations of the frequency domain resources reserved for DL-only transmission or UL-only reception.

Proposal #1-4(1)
The following is agreed to be captured in the TR with possibility for revision in the RAN1#114.
Inter-gNB CLI handling scheme #x: Spatial Domain Coordination Scheme for gNB Tx-Beam Nulling
· Reference scheme for performance comparison
· Source x-1 (China Telecom, ZTE): 
· No Tx beam nulling since the aggressor gNB does not know the channel information between the aggressor gNB and victim gNB
· Source x-2 (Qualcomm): 
· Dynamic TDD without aggressor (Tx) gNB nulling due to lack of inter-gNB channel information and lack of inter-gNB CLI measurements
· Proposed Scheme for gNB-to-gNB co-channel CLI handling
· Source x-1 (China Telecom, ZTE): 
· Tx beam nulling is performed by the aggressor gNB. 
· The victim gNB measures the channel information based on the NZP CSI-RS transmitted from the aggressor gNB to the victim gNB and then delivers the measured channel information to the aggressor gNB. 
· The aggressor gNB determines the DL precoder for its serving UEs by considering the channel information between aggressor gNB and victim gNB so that the DL transmission beam has the least interference to the victim gNB.
· Source x-2 (Qualcomm):
· Aggressor gNB Tx nulling towards victim gNB(s) based on knowledge of the channel between the aggressor and victim gNB(s). 
· Victim gNB(s) are identified based on inter-gNB CLI measurements.
· Specification Impact of the proposed scheme
· Source x-1 (China Telecom, ZTE): 
· The information exchange between the aggressor gNB and victim gNB, including the measurement resource and the measurement results.
· Source x-2 (Qualcomm):
· Co-channel CLI/channel measurements based on information exchange between gNBs of the CLI resource configuration and CLI measurement reports. 
· Note: CLI measurement reports are needed to identify victim gNB(s) and CLI resource configuration (e.g. CSI-RS resource) is needed to estimate the channel between the aggressor and victim gNBs. 

Proposal #1-5(1)
The following is agreed to be captured in the TR with possibility for revision in the RAN1#114.
Inter-gNB CLI handling scheme #x: Inter-gNB CLI handling scheme #x: Power Control scheme based on UE Tx Power Adjustment
· Reference scheme for performance comparison
· Source 5-1 (Nokia, NSB): 
· Dynamic TDD baseline operation.
· Proposed Scheme for gNB-to-gNB co-channel CLI handling
· Source 5-1 (Nokia, NSB): 
· UE Tx power optimization to improve the UL SINR condition on the victim gNBs
· Specification Impact of the proposed scheme
· Source 5-1 (Nokia, NSB): 
· Indication of specific open loop power control parameters is supported since URLLC studies for dynamic grant scheduling. Other UL signals do not support such flexibility and specifications changes can be discussed

Proposal #1-6(2)
The following is agreed to be captured in the TR with possibility for revision in the RAN1#114.
Inter-gNB CLI handling scheme #x: Power Control scheme based on gNB Tx Power Adjustment
· Reference scheme for performance comparison
· Source x-1 (Nokia, NSB): 
· Dynamic TDD baseline operation
· Source x-2 (Qualcomm): 
· No DL power adjustment by the aggressor gNB with dynamic TDD assignment
· Proposed Scheme for gNB-to-gNB co-channel CLI handling
· Source x-1 (Nokia, NSB): 
· Aggressor gNB decreases the transmit power in agreed intervals with the victim gNB to ensure that the gNB-gNB CLI is kept within the tolerable limits at the victim gNB
· Source x-2 (Qualcomm): 
· DL power adjustment (e.g., power back-off) by the aggressor gNB at slots with inter-gNB CLI.
· Specification Impact of the proposed scheme
· Source x-1 (Nokia, NSB): 
· Xn signaling enhancements to support the handshake agreement between victim and aggressor gNB for the DL transmit power reduction:
· Step 0: Measurements and identification of aggressor(s)
· Step 1: Indication of DL Tx power reduction by the victim gNB
· Step 2: Confirmation by the aggressor gNB on whether it can accept the new DL Tx power conditions
· Source x-2 (Qualcomm): 
· Information exchange between gNBs of recommended DL power adjustment of aggressor gNB based on CLI measurements

3 Conclusion

The proposals (#1-1(3), #1-5-1(2)) and the proposals (#1-6(2), #1-2(1), #1-3(2) and #1-4(1)) are endorsed as working assumptions and agreements, respectively, as follows: 

I see no reason why the other proposals (1-2, 1-3,1-4, and 1-6) have to be working assumptions as well. They stay as agreements. For 1-1 and 1-5, I see couple of companies with concerns. Working assumption seems adequate.
Proposal #1-1(3)
The following is agreed to be captured in the TR with possibility for revision in the RAN1#114.
Inter-gNB CLI handling scheme #x: UL Resource Muting-based scheme for measuring the gNB-to-gNB CLI interference covariance matrix
1. Reference scheme for performance comparison
19. Source x-1 (Huawei, HiSilicon): 
0. UL resource muting is not applied and the gNB-to-gNB CLI interference covariance matrix is obtained based on UL DMRS.
19. Source x-2 (Nokia, NSB): 
1. E-LMMSE-IRC (Rel-14 NR Study Item phase. 3GPP TR 38.802, Section 10) without UL muting.
1. Proposed Scheme for gNB-to-gNB co-channel CLI handling
20. Source x-1 (Huawei, HiSilicon):
0. The gNB-to-gNB CLI interference covariance matrix is obtained by muting some resources for the UL transmissions, based on a predefined pattern (in the evaluation, a comb-like muting pattern on one symbol for a PUSCH occasion is assumed) and the CLI can be suppressed by the MMSE-IRC receiver.
0. Ideal channel estimation for UL PUSCH of victim gNB is assumed.
0. Note: Other muting patterns are not precluded.
20. Source x-2 (Nokia, NSB):
1. E-LMMSE-IRC with UL muting (no resources colliding with aggressor gNBs resources used for interference estimation)
1. Covariance matrix estimation based on assisted information exchange of the CLI aggressor characteristics over the Xn interface
1. Specification Impact of the proposed scheme
21. Source x-1 (Huawei, HiSilicon): 
0. Non-transparent UL muting resource patterns (e.g. predefined) including its time and frequency location (e.g. symbol-level and/or RB-level and/or RE-level) with potential impact on PUSCH resource mapping
21. Source x-2 (Nokia, NSB): 
1. Signaling of assistance information for interference/channel estimation over Xn interface. Potential signaling of UL muting pattern.

Proposal #1-5-1(2)
The following is agreed in principle to be captured in the TR with possibility for revision in the RAN1#114.
Inter-gNB CLI handling scheme #x: Power Control scheme based on UE Tx Power Adjustment
1. Reference scheme for performance comparison
22. Source 5-1 (Nokia, NSB): 
0. Dynamic TDD baseline operation.
22. Source 5-2 (Qualcomm): 
1. Same UL power control parameters for slots with CLI and slots without CLI.
1. Proposed Scheme for gNB-to-gNB co-channel CLI handling
23. Source 5-1 (Nokia, NSB): 
0. UE Tx power optimization to improve the UL SINR condition on the victim gNBs
23. Source 5-2 (Qualcomm): 
1. Different UL power control parameters for slots with CLI and slots without CLI. 
1. Specification Impact of the proposed scheme
24. Source 5-1 (Nokia, NSB): 
0. Indication of specific open loop power control parameters is supported since URLLC studies for dynamic grant scheduling. 
0. Other UL signals do not support such flexibility and specifications changes can be discussed
24. Source 5-2 (Qualcomm): 
1. Different UL power control mechanisms (both closed-loop and open-loop) for slots with CLI and without CLI. 

Seems I left out proposal 1-6. Since there are no concerns on 1-6, it is also considered agreed.
Proposal #1-6(2)
The following is agreed to be captured in the TR with possibility for revision in the RAN1#114.
Inter-gNB CLI handling scheme #x: Power Control scheme based on gNB Tx Power Adjustment
1. Reference scheme for performance comparison
25. Source x-1 (Nokia, NSB): 
0. Dynamic TDD baseline operation
25. Source x-2 (Qualcomm): 
1. No DL power adjustment by the aggressor gNB with dynamic TDD assignment
1. Proposed Scheme for gNB-to-gNB co-channel CLI handling
26. Source x-1 (Nokia, NSB): 
0. Aggressor gNB decreases the transmit power in agreed intervals with the victim gNB to ensure that the gNB-gNB CLI is kept within the tolerable limits at the victim gNB
26. Source x-2 (Qualcomm): 
1. DL power adjustment (e.g., power back-off) by the aggressor gNB at slots with inter-gNB CLI.
1. Specification Impact of the proposed scheme
27. Source x-1 (Nokia, NSB): 
0. Xn signaling enhancements to support the handshake agreement between victim and aggressor gNB for the DL transmit power reduction:
1. Step 0: Measurements and identification of aggressor(s)
1. Step 1: Indication of DL Tx power reduction by the victim gNB
1. Step 2: Confirmation by the aggressor gNB on whether it can accept the new DL Tx power conditions
27. Source x-2 (Qualcomm): 
1. Information exchange between gNBs of recommended DL power adjustment of aggressor gNB based on CLI measurements



Let’s first take care of the following proposals (1-2, 1-3, and 1-4). According to the comments so far, I think they are agreeable. They are now agreed with the addition of ‘in principle’.

Proposal #1-2(1)
The following is agreed in principle to be captured in the TR with possibility for revision in the RAN1#114.
Inter-gNB CLI handling scheme #x: Time Domain Scheme using UL slot(s) aligned between gNBs
1. Reference scheme for performance comparison
28. Source x-1 (Ericsson): 
0. Dynamic TDD (dTDD) has TDD UL/DL configuration FFFFF, as per RAN1 agreement. 
28. Source x-2 (ZTE):  
1. For 2-layer Scenario B (HetNet with Urban Macro and Indoor), semi-static TDD pattern {DDDSU} is used for both Urban Macro cell (layer 1) and Indoor office cell (layer 2) and there is no time domain coordinated scheduling
1. Proposed Scheme for gNB-to-gNB co-channel CLI handling
29. Source x-1 (Ericsson):
0. Dynamic TDD with “protected” UL-only slot (p-dTDD) has TDD UL/DL configuration FFFFU. All gNBs coordinate to configure the same UL-only slot such that it is free of CLI. For example, the UL-only slot can be used by gNBs for reliable reception of UL control channels to support HARQ for the downlink.
0. Source 2-1 shows SLS results at low, medium, and high load comparing dynamic TDD with protected UL-only slot (p-dTDD) to baseline dynamic TDD (dTDD).
29. Source x-2 (ZTE):  
1. For 2-layer Scenario B (HetNet with Urban Macro and Indoor), semi-static TDD pattern {DDDSU} and {DSUUU} are used for Urban Macro cell (layer 1) and Indoor office cell (layer 2), respectively. 
1. The gNB schedules the UE suffering severe gNB-to-gNB interference on the UL slots without CLI (i.e., the last UL slot in each TDD period) to avoid the impact of gNB-to-gNB CLI.
1. Specification Impact of the proposed scheme
30. Source x-1 (Ericsson):
0. No specification impact
30. Source x-2 (ZTE):  
1. No specification impact

Proposal #1-3(2)
The following is agreed in principle to be captured in the TR with possibility for revision in the RAN1#114.
Inter-gNB CLI handling scheme #x: Frequency Domain Coordination Scheme
1. Reference scheme for performance comparison
31. Source x-1 (Qualcomm): 
0. Deployment scenario #1: Indoor office (InH) with dynamic TDD assignment (FFFFF)
1. Proposed Scheme for gNB-to-gNB co-channel CLI handling
32. Source x-1 (Qualcomm): 
0. The frequency resources within a carrier are split into a DL-only resource (i.e., DL subband) and UL-only resources (UL-subband) [in asynchronous/CLI slots].
0. This subband split provides frequency isolation between aggressor and victim gNBs which helps mitigate inter-gNB co-channel CLI.
1. Specification Impact of the proposed scheme
33. Source x-1 (Qualcomm): 
0. Information exchange between gNBs of the locations of the frequency domain resources reserved for DL-only transmission or UL-only reception.

Proposal #1-4(1)
The following is agreed in principle to be captured in the TR with possibility for revision in the RAN1#114.
Inter-gNB CLI handling scheme #x: Spatial Domain Coordination Scheme for gNB Tx-Beam Nulling
1. Reference scheme for performance comparison
34. Source x-1 (China Telecom, ZTE): 
0. No Tx beam nulling since the aggressor gNB does not know the channel information between the aggressor gNB and victim gNB
34. Source x-2 (Qualcomm): 
1. Dynamic TDD without aggressor (Tx) gNB nulling due to lack of inter-gNB channel information and lack of inter-gNB CLI measurements
1. Proposed Scheme for gNB-to-gNB co-channel CLI handling
35. Source x-1 (China Telecom, ZTE): 
0. Tx beam nulling is performed by the aggressor gNB. 
0. The victim gNB measures the channel information based on the NZP CSI-RS transmitted from the aggressor gNB to the victim gNB and then delivers the measured channel information to the aggressor gNB. 
0. The aggressor gNB determines the DL precoder for its serving UEs by considering the channel information between aggressor gNB and victim gNB so that the DL transmission beam has the least interference to the victim gNB.
35. Source x-2 (Qualcomm):
1. Aggressor gNB Tx nulling towards victim gNB(s) based on knowledge of the channel between the aggressor and victim gNB(s). 
1. Victim gNB(s) are identified based on inter-gNB CLI measurements.
1. Specification Impact of the proposed scheme
36. Source x-1 (China Telecom, ZTE): 
0. The information exchange between the aggressor gNB and victim gNB, including the measurement resource and the measurement results.
36. Source x-2 (Qualcomm):
1. Co-channel CLI/channel measurements based on information exchange between gNBs of the CLI resource configuration and CLI measurement reports. 
1. Note: CLI measurement reports are needed to identify victim gNB(s) and CLI resource configuration (e.g. CSI-RS resource) is needed to estimate the channel between the aggressor and victim gNBs. 
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