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1. Introduction
In Rel-15, transmission with multiple TRPs/panels was considered as one of important scenarios for NR system to overcome blockage effect and offer enhanced spectral efficiency for edge users. However, due to the lack of enough time budget and high work load in the first release of NR, the work of multi-TRP/panel transmission was postponed in Rel-15. Based on discussions in quite few meetings in Rel-15, only some initial agreements/working assumptions on issues such as evaluation assumptions, transmission schemes, control channel, DMRS and QCL, etc.  have been reached.   
In Rel-16, based on an integrated framework of NR system, the work item for enhancement on MIMO operation is still ongoing[1]. The work item aims to specify the enhancements identified for NR MIMO. The detailed objectives for enhancements on multi-TRP/panel transmission are as follows. 

· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:

· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission

· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Multi-TRP techniques for URLLC requirements are included in this WI
In this contribution, we provide our views on some aspects need to be considered for supporting multi-TRP/panel transmission in Rel-16, including number of PDCCH, reliable transmission, control channel design, codeword mapping, CSI feedback, reference signal design and QCL.
2. Multi-TRP/panel transmission with single or multiple PDCCH
As shown below, in the last meeting, it was agreed that down selection will be made among three alternatives [2].

Agreement

For eMBB multi-TRP/panel transmission down-select among the following in RAN1#95:

· Alt0: Support only single PDCCH design

· FFS: Whether multiple PDCCH design is also needed 

· Alt1: Support only multiple PDCCH design

· FFS: Whether single PDCCH design is also needed 

· Alt2: Support both multiple PDCCH and single PDCCH design

· FFS: PDCCH design for URLLC

Aspects to be considered in the down-selection: backhaul latency, downlink control overhead, specification impact (including RAN2 specs), UE complexity (related to power control, timing adjustment, and blind detection), DCI/UCI design, scheduler flexibility, intra-UE PUCCH/PUSCH transmission, Rel-15 PDCCH blockage probability, CSI feedback, etc. For single PDCH design, it requires one PDCCH has overall control for multiple TRP scheduling, while multiple PDCCHs will have the flexibility to make independent scheduling for multiple TRP transmission. To be specific, in Alt.0, a single PDCCH schedules single NR-PDSCH where separate layers are transmitted from either a single or separate TRPs. In comparison, Alt.1 supports multiple PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP. Regarding different impacted factors, such as backhaul latency, downlink control overhead, specification impact, and UE complexity, etc., two options have different pros and cons. Thus, we have an analysis shown the Table 1 for respective pros and cons of single PDCCH and two PDCCHs. 
	PDCCH configuration options
	Backhaul latency favored
	Control overhead
	UE complexity
	Specification impact
	PUCCH transmission
	TA and PC adjustment for different TRP
	Resource and MCS configuration

	Single PDCCH
	Ideal
	Small
	Lower complexity with blind detection
	Mainly in RAN1

Including multiple QCL indication in DCI, new CW-to-layer mapping scheme, new CSI report
	Since only one PDCCH is received, no need for separate PUCCH feedback
	No
	Hard to support different Resource allocation;

Codeword based MCS separation is supported

	Multiple PDCCH
	Both ideal and non-ideal

Can have independent resource allocation for different TRP for non-ideal backhaul
	Large
	Higher complexity with blind detection
	Mainly in RAN2,

In RAN1, reuse R15 in most of cases

Including separate PDCCH and PUCCH configuration for different TRP
	UE can report different PUCCH to different TRP
	Supported
	Independent resource allocation for different PDSCH


Table.1 Comparisons between single and multiple PDCCH

Based on above table, single PDCCH approach can be a more efficient way to improve throughput and reliability in ideal backhaul scenario, while the multiple PDCCHs configuration will enable flexible support to different scenarios. As per the scope of this WI, enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul are to be specified in Rel-16. Therefore, from system robustness, flexibility and complexity prospective, both options supporting is desired.

Proposal 1: Support both multiple PDCCHs scheduling multiple PDSCHs and a single PDCCH scheduling single PDSCH where separate layers are transmitted from separate TRPs.
Based on above discussion, if one PDCCH is configured to support multi-TRP transmission, this PDCCH should carry multiple QCL indications. Then one QCL indication is related to one TRP. If multiple PDCCH from different TRP has been supported, as a result, it is possible to send multiple PUCCH transmission targeted to different TRP. For non-ideal backhaul case, the latency is one critical issue to impact the PDSCH scheduling. Separate PDCCH scheduling can provide better flexibility to overcome the latency. In general, Rel-15 CA framework can be reused to support multiple PDCCH reception. Naturally, the TCI state should be informed to UE before the multiple PDCCH detection by RRC signalling.
Two-level DCI was proposed in Rel.15. In this scheme, a first DCI is monitored with blind detection and the resource assignment or decoding of a second DCI is indicated by the first DCI. Then the first issue is error propagation, for example, whether correctly detecting the first DCI will impact second DCI decoding. Secondly, two-level DCI structure requires two DCI resources, which incurs more overhead. Thirdly, for non-ideal backhaul case, two-level DCI may encounter troubles because independent grant should be used due to long latency. In this case how to make DCI splitting is unclear. Additionally, if using two-level DCI structure, UE would suffer from additional PDCCH decoding latency. Therefore, reusing Rel-15 DCI structure should be considered. 

For the PUCCH configuration, since non-ideal backhaul needs to be supported, different PUCCH transmission targeting different TRP needs to be supported to alleviate the latency. As agreed in simulation assumption, 5ms latency is not ignorable in HARQ timing. In this context, separate PUCCH resource allocation targeting different TRP should be configured. For the TA configuration, it will depend on deployment. If consider effective TRP coordination under certain signal strength restriction, TA difference may not be large. Another thing related to PUCCH is whether to allow independent PUCCH transmission to different TRP within a slot. In order to enable different PDCCH scheduling and different timing control for HARQ, it is preferred to allow two independent PUCCH transmissions to carry HARQ-ACK information within a slot. 
Proposal 2: Support PDCCH configuration based on CA framework without two- level DCI structure.

Proposal 3: Support different PUCCH transmission targeted to different TRP. 

3. URLLC enhancement in multi-TRP/panel transmission 
Regarding the reliability enhancement in multiple TRP or multiple panel transmission, generally, it could benefit the cell edge user and URLLC user both. In this context, any potential solutions to improve the reliability for data channel or control channel can be considered. Consequently, data channel and control channel in DL or UL are discussed separately.

· PDCCH enhancement 

For the PDCCH reliable transmission from the multiple TRPs, one simple solution is to make PDCCH repetition from the multiple TRP either in time domain or frequency domain. Then UE can get the multiple copies from different TRP. In this case, UE needs to monitor different PDCCH candidates with different QCL association. Following Rel-15 PDCCH configuration, each CORESET is corresponding to one specific TCI indication. In multi-TRP case, it is natural to link one CORESET to one TRP. However, if the TRP number is large, then the CORESET number is one bottleneck, because current CORESET number is limited to 3 in one BWP. In this case, extending CORESET number in one BWP could be one way to resolve it. Another issue is how to reduce the PDCCH detection complexity. For one slot, if supporting multiple PDCCH reception simultaneously, that would cause significant complexity increase. Then how to control the complexity increase but achieve the repetition gain should be further studied.

Proposal 4: Support PDCCH repetition crossing multiple TRPs by taking into account detection complexity reduction.

· PDSCH enhancement 

For multiple TRP based transmission, UE can get the data signals from multiple TRPs, thus, it is possible to improve the reliability through multi-TRP diversity transmission. When talking about the reliability, the throughput is a lower-priority metric; instead, SINR gain is more important. When UE is located in the middle area between two TRPs, the signal strength from these two TRPs could be comparable and relatively weak, so transmission diversity or data repetition is meaningful. Actually, it is more promising in high frequency band due to sudden beam blocking or beam failure. Multi-beam based diversity could be one effective way to overcome beam blocking or other hostile issue. Hence, reliable DL transmission based on multiple TRPs is worthwhile to studying and possibly standardizing. 
As a starting point, PDSCH repetition from multiple TRP is one straightforward scheme, wherein same RV or different RV can be used. Actually in Rel-15, multi-slot PDSCH repetition has been supported, now we just extend it to multiple TRP based slot repetition. Of course, frequency repetition is one candidate solution, which can provide frequency diversity gain. Different from Rel-15, TCI indication is more complex for multi-TRP case. Generally, each TRP should have separate TCI indication. Hence, for PDSCH repetition, if only one scheduled DCI is used, how to indicate the TCI information is important to enable this feature.

For frequency diversity scheme, non-overlapping frequency resource allocation for different TRP would be a simple way to improve reliability. If same frequency resource is used, same data packet combination from different TRP is also one diversity scheme. The trade-off between more resources and inter-TRP interference needs to be balanced. In ideal backhaul case, more flexible diversity transmission schemes can be considered to get more diversity gain. For instance, traditional SFBC or antenna selection based diversity transmission is possible candidate. If non-overlapping resource allocation is used, layer based diversity accompanied with resource splitting can be considered. In this scheme, the data RE belonging to one codeword can be mapped to different TRPs in different resource block. In this sense, spatial transmission diversity and resource repetition are fully exploited. The spec impact would be small, only indicating the QCL and resource set of different TRP is enough. Therefore, besides simple PDSCH repetition in multiple TRPs, one single codeword over multiple TRP with different resources can be considered for PDSCH reliability enhancement.

Proposal 5: Support PDSCH repetition in multi-slot scheduling with TRP switching to improve reliability.   
Proposal 6: Support one transport block over multiple TRPs with non-overlapped resources.

· PUSCH enhancement 

Similar as DL PDSCH enhancement, when gNB is configured with multiple TRPs, UE can transmit different PUSCH in different slot or different symbols targeted to different TRP to improve UL transmission reliability. In Rel-15, PUSCH repetition has been supported for grant based transmission and configured grant transmission, therefore, applying the PUSCH repetition crossing multiple TRP is straightforward. 

In case of signalling indication, for single PUSCH transmission, SRI is used to indicate the UL beam or precoder information. For multi-slot PUSCH repetition in multi-TRP case, optimally, each PUSCH should be indicated with the SRI information to get dynamic beam matching. However, for multi-slot repetition, it is difficult to assign the SRI for each transmission in DCI, no matter grant-based scheduling or configured grant scheduling. Then how to indicate the SRI would be one problem for configured grant transmission or grant based multi-slot repetition. In UL multiple TRP reception, one interesting thing is possibly to use joint reception for multiple TRPs, though it might be implementation specific. But with this joint reception, accurate SRI indication is not so critical. Additionally, RV index is needed to configure in each transmission. Basically, simple RV cycle or fixed RV sequence could be enough since this issue has been discussed extensively in Rel-15 configured grant configuration. 

Proposal 7: Support PUSCH repetition to multiple TRPs in different slots.

Proposal 8: Further study the SRI indication for PUSCH repetition.
· PUCCH 

For PUCCH transmission, Rel-15 has supported multi-slot PUCCH repetition for reliability improvement. In case of multi-TRP scenario, TRP switching based repetition may provide additional diversity gain. Hence, in Rel-16, one small change is to allow UE to transmit different beam in different slot, where each beam is corresponding to one specific TRP. From specification prospective, only spatial relationship needs to be changed in RRC configuration. More specifically, in RRC parameter Spatialrelationinfo, it will not refer to one beam index, but refer to one beam set. For PUCCH resource allocation, it is same as Rel-15, in which different repetition will use same resource, only spatial relation switched. Regarding the beam change after RRC configuration, reusing MAC CE Indication as in Rel-15 can be considered.

Proposal 9: Support PUCCH repetition with spatial relation switching.
4. Codeword mapping
Basically, two categories of transmission schemes, namely codeword-based and layer-based approaches are possible for NC-JT transmission. As shown in Figure 1, for codeword-based NC-JT, each codeword is confined within only one TRP/panel, while for layer-based transmission, layers of the same codeword can be split to more than one TRPs/panels.
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Figure 1: Codeword-based (Alt.1) and layer-based (Alt.2) NC-JT
Based on current specification, as only one codeword is used for rank 1-4, for rank 2-4, when a single codeword is transmitted with a single TRP/panel, if the channel qualities of different layers have large difference, it’s more reasonable to reduce the reported rank and assume layers with similar SINR are used in such codeword in CQI calculation. Whereas, for multi-TRP transmission, the transmitted codeword has to be split into more than one TRPs/panels. In such case, if the channel properties of TRPs/panels involved in NC-JT are largely different, as only one adjustable MCS is available for a codeword, it would be difficult to choose a suitable MCS that matches both TRPs/panels. Usually, in such case, a MCS matches the TRPs/panels with lower channel qualities has to be used to guarantee the requirement on BLER. Consequently, the capacity of TRPs/panels with better channel qualities is not fully utilized. It’s noted that NC-JT is generally expected to be useful for cell edge users, thus lower-rank transmission, e.g., rank 1-4, are the most likely cases. Therefore, the splitting of a single codeword might be a disadvantage to system performance of NC-JT. 

For rank 5-8, two codewords are used. In such case, Rel-15 supports almost-equal mapping only, which means the difference in number of layers from the two codewords is at most 1. However, as mentioned above, due to the fact that the channels from different TRPs/panels used in NC-JT are assumed to be non-QCLed, the supported ranks of different TRPs/panels could also be different. For the case shown in Figure 1, if one of the TRPs/panels supports 2 layers, while the other one supports 4 layers, for codeword-based and almost-equal mapping, the only choice is to restrict the total number of layers to 2×min(RI)+1. Wherein min(RI) is the minimum supported rank among TRPs/panels in NC-JT.  That is, only rank 5 can be used for this case, even though totally 6 layers can be supported from the two TRPs/panels altogether. 
Observation 1: Based on current codeword mapping rule, for rank2-4, the single codeword has to be split into more than one TRPs/panels. In such case, performance loss is expected due to the issue with link adaptation. 
Observation 2: For 2-codeword transmission, if the difference in supported ranks for two TRPs/panels is greater than 1, the transmit rank has to be restricted to keep the almost-equal mapping rule.

Compared with codeword-based NC-JT, layer-based approach seems to be a more flexible manner to support NC-JT. As shown in Figure 1, in layer-based NC-JT with rank 5-8, the mapping between codeword to TRP/panels can be done according to the supported rank of each TRP/panel. Therefore, restriction of total transmit rank with codeword-based NC-JT and almost equal mapping can be avoid in layer-based NC-JT. However, if the Rel-15 codeword mapping rules are reused , it’s inevitable to split one codeword into TRPs/panels. Therefore, similar to codeword based approach, a potential performance loss can be foreseen as well, if Rel-15 codeword mapping is reused. 
Observation 3: In layer-based NC-JT, one codeword may be slit across different TRPs/panels. Therefore, similar to codeword-based approach, a potential performance loss can be foreseen as well, if Rel-15 codeword mapping mechanism should still be used in NC-JT.
Based on the discussion above, it’s observed that the inevitable splitting of codeword into TRPs/panels with different channel properties is an obvious disadvantage for system performance in NC-JT, if Rel-15 codeword mapping mechanism should still be used. To solve this issue, it would be desirable to use codeword-based NC-JT. However, as mentioned above, codeword-based NC-JT can only be used for rank 5-8, and the available transmission rank is constrained by Rel-15 mapping rule too. Therefore, from codeword mapping perspective, at least the following alternatives can be considered to better support NC-JT in Rel-16:
· 2-codeword transmission for rank 2-4, at least for the case with multiple DMRS port groups
· flexible codeword-to-layer mapping (additional correspondence) 
If 2 codewords can be used for rank 2-4 transmission, and a more flexible codeword mapping mechanism is supported where the difference of number of layers from two codewords could be greater than 1, the number of layers and MCS assigned to each TRP/panel can be more flexible. These aspects may also need to be considered in control signaling and CSI feedback enhancements.

Proposal 10: To better support NC-JT in Rel-16, the following alternatives can be considered:

· 2-codeword transmission for rank 2-4, at least for the case with multiple DMRS port groups

· flexible codeword-to-layer mapping (additional correspondence) 

5. CSI feedback
In Rel-15, a specific codebook is designed for supporting coherent multi-panel transmission. For the case each PDCCH schedules a single PDSCH transmitted with one TRP/panel, i.e., NC-JT with multiple PDSCHs, current CSI framework can be reused. On the other hand, for the case one PDSCH is transmitted with multiple TRPs/panels, i.e., NC-JT with single PDSCH, the CSI feedback design needs to be considered. 
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Figure 2: Example of CSI feedback supporting NC-JT

As shown in Figure 2, in that example, two CSI-RS resources are configured/indicated to the UE, where each resource is used to measure the channel of one of the TRPs/panels in NC-JT. By measuring the channel from multiple TRPs/panels jointly, the UE reports PMI/RI for each TRP/panel and feeds back CQI for each codeword. In addition, other resources can still be used to measure interference and noise. 
If new codeword mapping rule is to be introduced in Rel-16, it should be taken into account in the assumed PDSCH transmission scheme when calculating CSI reporting.
Observation 4: To support NC-JT with multiple PDSCHs, current CSI framework can be used.

Proposal 11: to support NC-JT with single PDSCH, at least the following CSI feedback quantities can be considered:
· PMI/RI for each TRP/panel
· CQI for each codeword
Proposal 12: If new codeword mapping rule is to be introduced in Rel-16, it should be taken into account in the assumed PDSCH transmission scheme when calculating CSI reporting quantities at UE side.

6. Reference signal & QCL
In Rel-15, in order to support NC-JT, it’s agreed to group DMRS ports into up to two groups. In later stage, due to the above-mentioned reason, including the definition of DMRS port group, most of functionalities related to NC-JT were removed from Rel-15 specification. However, the agreements on DMRS port grouping can be a starting point for the work in Rel-16.

Considering the dynamic nature of channel property and traffic status, it would be better to group DMRS ports in dynamic manner, rather than semi-static configuration. As stated in TS 38.211, the UE may assume that the PDSCH DMRS within the same CDM group are quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay spread, and spatial Rx parameters. Consequently, it’s reasonable to group DMRS ports according to CDM group. That is to say, the DMRS ports within a CDM group are included in the same DMRS group. 

Proposal 13: Support dynamic grouping of DMRS ports in Rel-16.
Proposal 14: The DMRS ports within a CDM group are included in the same DMRS group.
In current specification, as only single-TRP/panel or coherent transmission with multiple TRPs/panels are considered, it’s possible to split one codeword into two CDM groups. If the DMRS port within different CDM groups are non-QCLed, the system might take the risk of splitting one codeword into more than one TRPs/panels. In the examples illustrated in Figure 3, the impact of DMRS port ordering on NC-JT are shown. 
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Figure 3: Example of DMRS port ordering

It’s observed in Figure 3, with a simple re-ordering of DMRS ports in order B, the splitting of codeword can be avoided.
Proposal 15: DMRS ports should be ordered so that a codeword uses port(s) that are CDM-ed or QCL-ed (as much as possible). 
7. Conclusions 
In this contribution we provide our views on some aspects need to be considered for supporting multi-TRP/panel transmission in Rel-16, including number of PDCCH, reliable transmission, control channel, codeword mapping, CSI feedback, reference signal design and QCL, etc. Based on the discussion above, we have the following observations and proposals:
Proposal 1: Support both multiple PDCCHs scheduling multiple PDSCHs and a single PDCCH scheduling single PDSCH where separate layers are transmitted from separate TRPs. .
Proposal 2: Support PDCCH configuration based on CA framework without two- level DCI structure.

Proposal 3: Support different PUCCH transmission targeted to different TRP. 

Proposal 4: Support PDCCH repetition crossing multiple TRPs by taking into account detection complexity reduction.

Proposal 5: Support PDSCH repetition in multi-slot scheduling with TRP switching to improve reliability.   
Proposal 6: Support one transport block over multiple TRPs with non-overlapped resources.

Proposal 7: Support PUSCH repetition to multiple TRPs in different slots.

Proposal 8: Further study the SRI indication for PUSCH repetition.
Proposal 9: Support PUCCH repetition with spatial relation switching.
Observation 1: Based on current codeword mapping rule, for rank2-4, the single codeword has to be split into more than one TRPs/panels. In such case, performance loss is expected due to the issue with link adaptation. 
Observation 2: For 2-codeword transmission, if the difference in supported ranks for two TRPs/panels is greater than 1, the transmit rank has to be restricted to keep the almost-equal mapping rule.

Observation 3: In layer-based NC-JT, one codeword may be slit across different TRPs/panels. Therefore, similar to codeword-based approach, a potential performance loss can be foreseen as well, if Rel-15 codeword mapping mechanism should still be used in NC-JT.
Proposal 10: To better support NC-JT in Rel-16, the following alternatives can be considered:

· 2-codeword transmission for rank 2-4, at least for the case with multiple DMRS port groups

· flexible codeword-to-layer mapping (additional correspondence) 

Observation 4: To support NC-JT with multiple PDSCHs, current CSI framework can be used.

Proposal 11: to support NC-JT with single PDSCH, at least the following CSI feedback quantities can be considered:
· PMI/RI for each TRP/panel

· CQI for each codeword
Proposal 12: If new codeword mapping rule is to be introduced in Rel-16, it should be taken into account in the assumed PDSCH transmission scheme when calculating CSI reporting quantities at UE side.

Proposal 13: Support dynamic grouping of DMRS ports in Rel-16.
Proposal 14: The DMRS ports within a CDM group are included in the same DMRS group.
Proposal 15: DMRS ports should be ordered so that a codeword uses port(s) that are CDM-ed or QCL-ed (as much as possible). 
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Annex: Related agreements/working assumptions reached in Rel-15 
RAN1 #86bis

Agreements:
· For coordinated transmission schemes for NR, both the case of co-located TRPs and the case of non-co-located TRPs are considered

· FFS the assumptions about latency/bandwidth 

· FFS detailed schemes

· Note: the classification of co-located vs. non-co-located may not capture all aspects, e.g., synchronization among TRPs, etc.

Agreements:
· For coordinated transmission schemes for NR:

· Support different types of coordinated transmission schemes for NR

· Strive for commonality in supporting the different types of coordinated transmission schemes for NR

· Study the need of network assistance and coordination for different types of interference suppression (e.g. inter user, inter-TRP interference) and cancellation based on advanced receivers

· Consider information related to interfering signals for interference suppression and cancelation at UE side

· As a baseline, consider NAICs receivers structures in LTE

Agreements:
· For NR network coordination schemes, following three deployment scenarios are encouraged to be evaluated in phase 1

· Indoor hotspot, dense urban, urban macro

· Use the simulation assumptions in TR 38.802 as baseline

· Adopt at least the FeCoMP (TR 36.741) methodology in terms of coordination

· E.g. Coordination cluster size, backhaul latencies, traffic loads, etc.

· The parameterization from the agreements on email discussion for NR MIMO calibration [86-20] could be considered

Agreements:
· Study at least the following different multi-panel structures at both TRP and UE

· Uniform array: antenna elements with the same polarization from multiple panels are uniformly distributed in horizontal and vertical dimensions respectively (see Fig.1(a) in R1-1610893 as an example)

· Non-uniform array: antenna elements with same polarization from multiple panels are not uniformly distributed in horizontal or vertical dimension (see Fig.1(b) in R1-1610893 as an example)

· Study the coherent/non-coherent MIMO transmission based on uniform/non-uniform array structure at TRP or UE

· E.g., Codebook design, calibration accuracy, interference measurement, advanced receiver design, interference hypothesis
#87

Agreements:
· For multi-panel based downlink transmission
· Should consider both uniform and non-uniform array 

· Should consider both coherent and non-coherent MIMO transmission for multi-panel antenna array

· Should consider different inter-panel phase calibration cases

· FFS QCL related aspects

· For multi-panel based uplink transmission
· Study way(s) to improve both reliability and capacity, e.g., non-coherent transmission, etc.

· Study practical issues including multiple timing advances, power control, beam procedure with/without the help of existing well paired beams and so on

· Should consider different inter-panel phase calibration cases

Agreements:

· NZP CSI-RS resource is defined in NR, as a set of NZP CSI-RS port(s) mapped to a set of REs within a frequency span/a time duration (details FFS) which can be measured at least to derive a CSI 

· Multiple NZP CSI-RS resources can be configured to UE at least for supporting CoMP and multiple beamformed CSI-RS based operations, where

· Each NZP CSI-RS resource at least for CoMP can have different number of CSI-RS ports.

· Further study at least the following aspects:

· FFS QCL aspects

· E.g., set of QCL parameters

· E.g., QCL assumptions within a NZP CSI-RS resource, among two or more resources, etc.

· FFS whether or not a single NZP CSI-RS resource can be used to derive two or more CSIs

· FFS whether or not many NZP CSI-RS resources can be used to derive a single CSI

Agreements:

· For advanced receivers based on network coordination, system-level simulation are encouraged to be evaluated in NR study item

· For system-level simulations, urban macro scenario, dense urban scenario excluding small cells, indoor hotspot scenario, and dense urban scenario including small cells with the same carrier frequency  are encouraged to be evaluated in NR study item

· Simulation assumptions of TR 38.802 can be a starting point 

· FFS whether or not to further update the simulation assumptions

· Details on additional information assumed in evaluations should be provided by each company 

Agreements:

· NR supports both semi-static and dynamic network coordination schemes

· Study interference measurement details

· Including aspects related to measurement sets 

· The network coordination schemes should consider at least the following schemes:

· DPS/DPB

· CS/CB 

· Non-coherent JT

· Coherent JT

· eICIC

· Whether each scheme requires specification support or not is FFS

Agreements:

· In supporting semi-static and dynamic network coordination schemes in NR, different coordination levels should be considered. 

· E.g., centralized and distributed scheduling, the delay assumption used for coordination schemes, etc.

Agreements:

· Aim for a common framework for CSI measurement and reporting for different types of coordinated transmission schemes

· Study whether or not to have the assumption/indication of interference hypothesis

Agreements:

· NR should consider advanced receiver at the UE, by studying:

· Joint reception of multiple data streams from one or more TRPs/panels

· Interference cancellation/suppression

· One or more data stream(s)

· Reference signal(s)

· Potential notification the UE of the information related to interfering signals, e.g., MCS, CSI-RS ports, DM-RS pattern and transport block size, # of layers, MIMO mode, etc.

· Potential blind detection of information regarding interference

· Potential joint channel estimation and reception of data

· Potentially different numerologies (e.g., tone spacing, etc.)

#NR AH1701

Agreements:

· Study whether or not support non-coherent transmission scheme in uplink MIMO transmission to improve the reliability and capacity

· Study multiple timing advance for one component carrier (example scenario: multiple antenna ports / beams at UE pointing to different directions)

· Antenna port / beam indication in timing advance commands

· Multiple timing advance commands for one component carrier

· Study multiple power control for multiple antenna ports/beams

· Antenna port / beam indication in power control commands

· UE reporting of the capability of multiple power control

· Study whether or not there is spec impact

Agreements:

· Support NR downlink transmission of same NR-PDSCH data stream(s) from multiple TRPs at least with ideal backhaul, and different NR-PDSCH data streams from multiple TRPs with both ideal and non-ideal backhaul:

· Note: the case of supporting same NR-PDSCH data stream(s) may or may not have spec impact (to be further studied especially comparing performance/complexity relative to standard-transparent operation)

· Study how to perform resource scheduling especially with respect to whether to use one or more NR-PDCCH for a UE 

· Consider, e.g., backhaul conditions, UE complexity, feasibility of NR-PDCCH demodulation if from multiple TRPs, NR-PDCCH overhead, performance, etc.

· Study network coordination schemes with ideal & non-ideal backhaul links, considering 

· Fast CSI acquisition

· e.g. coordinated TRPs obtain CSIs through physical air interface

· e.g. SRS configuration exchanging between different TRPs

· Other techniques are not precluded

RAN1 #88bis

Agreements:

· Support NR reception of at least one but no more than two of the following 

· Single NR-PDCCH corresponding to the same NR-PDSCH data layers from multiple TRPs within the same carrier

· Note that: this is intended to have spec impact

· Single NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier

· Multiple NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier 

· In case of multiple NR-PDCCH, consider the following for the reduction of  UE PDCCH detection complexity. 

· Note the following may or may not have RAN1 specification impact. 

· Note that different NR-PDSCH data layers from single TRP is special case.

· The alignment of PDCCH generation rules among TRPs, e.g. one identical control resource set across TRPs

· Signalling the maximum number of multiple NR-PDCCH reception via L1 and/or high layer signalling

· Other techniques can be considered. 

RAN1 #89

Agreements:

· Adopt the following for NR reception:

· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs

· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP 

· Note: the case of single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner

· Note: CSI feedback details for the above case can be discussed separately

Agreements:

· For the reception of multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP, NR supports:

· The maximum supported number of NR-PDCCHs/PDSCHs is either 2 or 3 or 4

· To be decided next meeting

· FFS signaling (explicit or implicit) of the maximum number of NR-PDCCHs/PDSCHs for a UE, including the case of signaling a single NR-PDCCH/PDSCH

RAN1 #NR AH1702

Agreements:

· The maximum supported number of unicast and dynamically scheduled NR-PDSCHs a UE can be expected to simultaneously receive is 2 on a per component carrier basis in case of one bandwidth part for the component carrier

· FFS in case of two or more bandwidth parts for the component carrier

· FFS the max number of corresponding NR-PDCCHs

Agreements:

· Send LS to RAN2 (cc RAN3) to inform about RAN1 agreement from RAN1#89 on the support of multiple PDSCHs transmission to the UE to support NC-JT operation

· Include in the LS the following content 
· RAN1 agreement from RAN1#89

· RAN1 is considering different scenarios including TRPs connected with ideal and non-ideal backhaul link, TRPs with same and different cell IDs, etc. to provide an increased throughput for users covered by different TRPs, and greater radio link reliability through dual connectivity-like operation

· RAN1 thinks that the above agreement may have impact on RAN2 specification

· Actions: RAN1 asks RAN2 to take into account the above agreement in RAN2’s work and provide any information that may be relevant for future RAN1’s work on this topic

LS draft and endorsed in R1-1711820. Final LS agreed in R1-1712000
RAN1 #90

Agreements:

· The maximum supported number of NR-PDCCHs corresponding to scheduled NR-PDSCHs that a UE can be expected to receive in a single slot is 2 on a per component carrier basis in case of one bandwidth part for the component carrier

· FFS the case of multiple BWPs for the component carrier if supported

· (Working assumption) In this case, at most a total of 2 CWs over the scheduled NR-PDSCHs

· For multiple NR-PDCCH reception for scheduled NR-PDSCHs:

· FFS whether or not there is any impact on # of HARQ processes and/or soft buffer management

· FFS the mapping between PUCCH conveying ACK/NACK signalling and PDSCH

· Note: this topic is more suitable for discussion under scheduling/HARQ session

