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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Comments are received for our companion paper [1] on SSB&rate matching pattern overlapping with PDSCH DMRS [2].
Based on the comments, some discussion points are listed in the following sections.
[bookmark: _Ref129681832]Discussions 
Whether or not a SSB should be always covered by additional rate-matching pattern whose symbol length is longer than the length of all possible scheduled symbols 
Opt1.1: Yes
An additional RM pattern (in orange as shown in Figure 1 below) must be always configured to fully cover the SSB resources (in red). Since the semi-static RM pattern has to cover all possible symbols dynamically scheduled by a DCI, it has a fixed symbol length as 12 symbols or more.

Opt1.2: No
There is no additional RM pattern configured to cover SSB resources but UE behavior is specified, i.e.  
Once any DM-RS RE of a PRB indicated by DCI collides with SSB, the UE assumes that the entire PRB is not available in all scheduled symbols for both PDSCH and DM-RS, i.e. the effective rate-matched resource is the entire PRB. (in black as shown in Figure 1 below) 
[image: ][image: ]
Opt. 1.1										Opt. 1.2
[bookmark: _Ref22162530][bookmark: _Ref22162523]Figure 1 Illustrations of Opt. 1.1 (Left) and Opt. 1.2 (Right) for PDSCH slot scheduling

Opt. 1.2 advantages over Opt. 1.1:
· Higher spectrum efficiency (SE) and scheduling flexibility: The scheme in the figure of the right below has been supported by Rel-15 operation and should be retained by Rel-16 operation, which has higher SE than the figure of the left.
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Opt. 1.1										Opt. 1.2
Figure 2 Illustrations of Opt. 1.1 (Left) and Opt. 1.2 (Right) for PDSCH sub-slot scheduling
· Less cost of RM patterns: The maximum number of RM patterns configured to a UE is 4, according to RRC IE maxNrofRateMatchPatterns in TS 38.331. It is very limited number and some of RM-patterns have been used to rate-match CORESETs so that PDSCH can be scheduled at the same OF symbols as CORESETs. Additionally, in case of LTE-NR DL sharing, one RM pattern has been used for LTE FDD PSS/SSS while two RM patterns have been used for LTE TDD PSS/SSS. Therefore, it is important not to waste RM patterns for NR SSBs, no mention the case that multiple NR SSBs can be configured in a FDM manner.

No Opt. 1.2 disadvantage compared to Opt. 1.1:
· No difference of UE implementation in term of DL channel estimation and PDSCH demodulation because additional RM pattern configured for SSB simply does not relief any UE burden.
· No difference of UE timeline for PDSCH: The SSB presence is static and the first thing that the UE is aware of.

Besides, it was agreed for Rel-15 that PDSCH is rate-matched around SS blocks, which does not rely on any additional signaling of rate-matching patterns. 
	RAN1 NR#3 (201709)
Agreements:
· Confirm working assumption of: 
· UE-specific RRC signaling with full bitmap can be used for indicating the actually transmitted SS blocks for both sub6GHz and over6GHz cases
· The actually transmitted SS blocks is indicated in RMSI for both sub6GHz and over6GHz cases
· Indication is in compressed form in above 6 GHz case
· Indicated resources are reserved for actually transmitted SS blocks
· Data channels are rate matched around actually transmitted SS blocks
RAN1#91
Agreements:
· In Rel-15, no support of dedicated signalling of the location of additional multiple SS/PBCH blocks in frequency domain of a cell for rate matching purposes 



Proposal: Adopt Opt. 1.2, i.e.
· A UE shall assume that a PRB indicated by the frequency domain resource assignment field in a DCI for PDSCH is not available for both PDSCH and DM-RS in all the symbols scheduled by the DCI if any PDSCH DM-RS RE in the PRB in any scheduled symbol overlaps with any REs corresponding to SSB

Companies’ views are very welcome.
	Company
	View

	Qualcomm
	Would like to understand the target improvements a bit better. The number of RBs for PDSCH assignment should be large in order to the RBG to be large, but then in that case, the improvement as a percentage of available REs is not significant. On the other hand, if the number of RBs in the PDSCH assignment is small then anyhow TDM-ing with PBCH gives more available REs. Therefore, improvement for SSB doesn’t have a clear motivation. 
We thought the motivation was rather narrow-band cases such as eMTC and NB-IoT within NR, for which the rate matching patterns do not have that much time variability within the slot.

	Intel
	We prefer Option 1.2 to address collision of PDSCH with SSB. We also prefer to disable some PRBs for PDSCH transmission near to SSB for alignment of the actual scheduled PRBs with PRG boundaries.

	ZTE
	We prefer Option 1.2.

	Samsung
	We prefer Option 1.2.




Whether or not the configured rate-matching pattern should always cover all possible scheduled symbols 
Similar to Section 2.1, but the question is motivated to discuss how/whether to preclude the following case received from a comment.
[image: C:\Users\Hiroki Harada\AppData\Local\Packages\Microsoft.Office.Desktop_8wekyb3d8bbwe\AC\INetCache\Content.MSO\7720217A.tmp]

Opt2.1: Yes
Any RM pattern (in orange as shown in Figure 3 below) must be semi-statically configured in slot granularity, i.e. fully cover all OF symbols in a slot (in orange as shown in ) unless it does not overlap with any potential DMRS symbols.

Opt2.2: No
It is symbol level that the time-domain granularity for a RM pattern overlapping with potential DMRS symbols. A UE behavior is specified similar to the SSB case Opt1.2, i.e.  
Once any DM-RS RE of a PRB indicated by DCI collides with a RM pattern, the UE assumes that the entire PRB is not available in all scheduled symbols for both PDSCH and DM-RS, i.e. the effective rate-matched resource is the entire PRB. (in black as shown in Figure 3 below) 

[image: ][image: ]
Opt. 2.1										Opt. 2.2
[bookmark: _Ref22291255]Figure 3 Illustrations of Opt. 2.1 (Left) and Opt. 2.2 (Right) for PDSCH slot scheduling

Opt. 2.2 advantages over Opt. 2.1:
· Higher spectrum efficiency (SE) and scheduling flexibility: The scheme in the figure of the right below has been supported by Rel-15 operation and should be retained by Rel-16 operation. (The blue symbol with texture is not transmitted with PDSCH DMRS but a potential symbol for DMRS.)
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Opt. 2.1										Opt. 2.2
Figure 4 Illustrations of Opt. 2.1 (Left) and Opt. 2.2 (Right) for PDSCH slot/sub-slot scheduling
No Opt. 2.2 disadvantage compared to Opt. 2.1:
· No difference of UE timeline for PDSCH: 
· The RM pattern is semi-statically configured before DCI-based scheduling. Thus, It is the same timeline budget for front-load DMRS as that for additional DMRS. In other words, once the DCI scheduling a PDSCH is decoded, the availability of DMRS and PDSCH is determined at the same time for all OF symbols.
· If the UE additionally supports dynamic rate-matching, then the RM pattern groups are still semi-statically configured before DCI-based scheduling. Which RM pattern group to be applied is determined once when the DCI scheduling a PDSCH is decoded. The remaining processing to determine the availability of DMRS and PDSCH is the same as semi-static rate-matching above.

Proposal: Adopt Opt. 2.2, i.e. defining the same UE behavior for RM pattern as that for SSB. 
· A UE shall assume that a PRB indicated by the frequency domain resource assignment field in a DCI for PDSCH is not available for both PDSCH and DM-RS in all the symbols scheduled by the DCI if any PDSCH DM-RS RE in the PRB in any scheduled symbol overlaps with any REs corresponding to rate-matching patterns.

Companies’ views are very welcome.
	Company
	View

	Qualcomm
	Option 2.1 is clearly simpler. The claimed benefits of 2.2 over 2.1 can be also achieved with 2.1 plus dynamic rate matching indication. 

	Intel
	Option 2.1 

	ZTE
	We support 2.2 in principle.
One detailed issue is whether the detailed solution covers both RB-level and RE-level RM pattern or just RB-level RM.
If it’s just RB-level RM, we suggest to refine the proposal as follows.
A UE shall assume that a PRB indicated by the frequency domain resource assignment field in a DCI for PDSCH is not available for both PDSCH and DM-RS in all the symbols scheduled by the DCI if any PDSCH DM-RS symbolRE in the PRB in any scheduled symbol overlaps with any REs corresponding to rate-matching patterns.
If we also want to include RE-level RM, the issue in section 2.5 needs to be addressed.

	Samsung
	We support Option 2.2 acknowledging system flexibility although it may have potentially non-negligible impact to a UE. A Rel-15 UE can start DMRS channel estimation processing right after DCI decoding since the entire DMRS is preserved. With Option 2.2, a UE needs to check if rate matching pattern overlaps with DMRS while DMRS TD pattern can depend on dynamic PDSCH allocation. Such dynamic nature affects a UE’s channel estimation processing time, and we would like to reduce the number of such condition checks before channel estimation. What we want to ensure is
1) The number of rate matching patterns which can overlap with DMRS should be limited, e.g, 1 per-BWP and 1-per cell, and RE-level rate matching pattern should not overlap with DMRS.
2) Indication to a UE (preferably semi static) regarding rate matching pattern which can overlap with DMRS is provided.
3) No additional rate matching pattern is configured compared with the current 4 per BWP and 4 per serving cell.



Whether PDSCH DMRS can be “rate-matched” out in case of wideband PRG or not 
Opt 3.1 Yes,
Opt 3.2 No,

We prefer Opt 3.2, because of the following text in TS 38.214. It implies that UE needs contiguous DMRS PRBs for channel estimation in case of “wideband” PRG.
	
If  is determined as "wideband", the UE is not expected to be scheduled with non-contiguous PRBs and the UE may assume that the same precoding is applied to the allocated resource.



Proposal: Only PRG size 2 and 4 are addressed for allowing PDSCH DMRS (within the resources indicated by a DCI) not available due to SSB and rate-matching patterns. 
Companies’ views are very welcome.
	Company
	View

	Qualcomm
	Opt. 3.2: No.  The channel estimation complexity for non-contiguous DM-RS with wide-band precoding would be significant. 

	Intel
	Our understanding that wideband PRG should never be used/indicated when the actually allocated PRBs are non-contiguous

	ZTE
	Our question was what the issue is if some PRBs are rate matched for wideband PRG. Except the rate matched PRBs, the precoder of the remaining PRBs are still the same. If this is a significant issue for UE implementation, we are okay to not allow WB PRG.

	Samsung
	Option 3.2



Whether fractional PRG is allowed or not
Cause of Fractional PRG: It is worth noticing that the RM pattern or SSB may not always contain an integer number of intact PRGs. In other word, RM pattern or SSB may not be aligned with PRG boundary. In this case, there would exist some PRGs containing PRBs not available for PDSCH DMRS. Such fractional PRGs may cause extra complexity or performance degradation for UE channel estimation.
Opt 4.1 Fractional PRG is not allowed.,
Opt 4.2 Fractional PRGs are allowed but with limited number, e.g., 4,

Comparison of two options,
Disadvantage of Opt 4.1:
· It cannot support Opt 1.2 to solve the popular issue of SSB. And it prevents gNBs from supporting forward compatibility and LTE-NR coexistence.
· On the contrary, Opt 4.2 solves all important issues above. With limited number of fractional PRG, the UE complexity improvement and performance degradation will be negligible.
· Rel-15 UEs are mandatory to support fractional PRGs because they have supported the following, which should be inherited by Rel-16 UEs,
· Downlink resource allocation type 1, in which both the indicated starting PRB and ending PRB are allowed to be not aligned with PRG boundary.
· Active BWP boundary is allowed to be not aligned with PRG boundary.

Proposal: For PDSCH rate-matching purpose, fractional PRGs are allowed but with limited number.
· A fractional PRG contains at least one PRB where PDSCH DMRS REs overlap with any REs corresponding to SSB or rate matching patterns.

Companies’ views are very welcome.
	Company
	View

	Qualcomm
	Opt. 4.1: fractional PRG is not allowed, although this could be left for the detailed solution discussion phase.

	Intel
	Option 4.1

	ZTE
	Our first preference is option 4.2 without any limited number. We can also be okay with 4.2 if this is significant for UE complexity.

	Samsung
	Option 4.1



The limited number of Fractional PRGs:
The minimal number of fractional PRGs is 4, shown in Figure 5 below
. [image: ]
Opt. 4.2	
[bookmark: _Ref22170435]Figure 5 Illustrations of the minimal # of fractional PRGs for a basic application
Proposal: The minimum number of Fractional PRGs that UEs support for rate-matching with SSB and rate-matching patterns is 4.
Companies’ views are very welcome.
	Company
	View

	Qualcomm
	If Opt. 4.1 (fractional PRG not allowed) then no number needs to be selected

	Intel 
	Option 4.1

	
	



More than 4 fractional PRGs may be required for the following cases,
· On top of Figure 5, multiple SSBs are configured in FDM manner for the coverage of skycrapers.
· On top of Figure 5, eMTC/NB-IoT is configured within the bandwidth.
· On top of Figure 5, LTE PSS/SSS/PBCH is configured within the NR bandwidth for LTE-NR DL sharing.
· On top of Figure 5, PDSCH for eMBB UEs may be rate-matched around search space/CORESET configured for URLLC UEs which are spanning at different OF symbols in a slot as the UE feature 3-5b.
Proposal: The maximum number of Fractional PRGs that UEs support for rate-matching with SSB and rate-matching patterns is [4 or 6].
· fractional PRGs at the edges of BWP do not count into the limit of [4 or 6]

Companies’ views are very welcome.
	Company
	View

	Qualcomm
	If Opt. 4.1 (fractional PRG not allowed) then no number needs to be selected.

	Intel
	Option 4.1

	
	



[About CDM group without data]
A comment was received that
· it needs to be clarified whether non-available DM-RS RE includes REs which are indicated as CDM group without data or just includes REs which DMRS sequence is mapped on.

We may not fully understand the comment and need more time to digest, but our current understandings are the followings,
· At least for RB-symbol level rate-matching pattern and SSB, no such clarification is needed because there is no difference between those two options.
· For the RE-level rate-matching pattern, we would like to hear more details about the scenario, e.g. whether the RE-level rate-matching pattern is for cell-specific or UE-specific reserved resources.

Companies’ views are very welcome.
	Company
	View

	Qualcomm
	Should be left to the solution discussion phase

	ZTE
	We agree the issue does not exist for RB-symbol level rate matching. 
For RE-level, the first issue is whether we need to consider RE-level RM pattern in this TEI scope. If so, whether the RM pattern just rate match DMRS REs with sequence mapped on, or CDM groups without data as well, for a UE should be clarified, for both LTE-CRS RM pattern and ZP/NZP CSI-RS pattern.

	Samsung
	RE-level rate matching pattern should not overlap with DMRS. Benefit is not clear, and we have a concern on related UE-side complication to identify overlap as well as the number of resources to be checked.



Potential draft TP/CR 
A draft CR is attached in [1] for discussions.
Other views 
Companies are welcome to provide other views that have not been covered above:
	Company
	View

	Qualcomm
	The potential TP can be discussed in the detailed solution discussion phase. 

	
	

	
	



Conclusion
[bookmark: _GoBack]There are two alternative proposals based on the comments received above.


Alt 1.
Proposal: The objectives for Rel-16 TEI on PDSCH rate-matching around SSB and rate-matching patterns are the following
· Specify UE behavior for rate-matching around SSB as Opt. 1.2 in R1-1911555
· Specify rate-matching according to rate-matching pattern which can overlap with scheduled PDSCH DMRS, as Opt 2.2 in R1-1911555
· For the rate-matching pattern which may overlap with DMRS,
· It is semi-statically acknowledged by a UE that the rate-matching pattern is probably overlapping with PDSCH DMRS 
· For a rate-matching pattern with no such acknowledgement, the UE behavior for the rate-matching pattern is not changed.
· UE behavior is specified for the case where a UE identifies overlaps between its PDSCH DMRS and the rate-matching pattern
· FFS: It is only front-loaded DMRS that the UE uses to determine the presence of overlap
· The number M of the rate matching patterns that can overlap with DMRS is limited.
· The maximum number of rate matching patterns configurable to a UE, including both the original RB-symbol level rate-matching patterns and the rate-matching patterns that may overlap with DMRS, is the same as Rel-15.
· Applicable for both PDSCH mapping Type A and Type-B 
Note: The case of wideband PRG is not in scope of this Rel-16 TEI proposal.
Note: The RE-level rate-matching is not in scope of this Rel-16 TEI proposal.

Alt.2
Proposal: The objectives for Rel-16 TEI on PDSCH rate-matching are the following
· Specify UE behavior for rate-matching around SSB as Opt. 1.2 in R1-1911555
· Specify rate-matching according to rate-matching pattern which can overlap with scheduled PDSCH DMRS, as Opt 2.1 in R1-1911555
· UE behavior is specified for the case where a UE identifies overlaps between its PDSCH DMRS and the rate-matching pattern
· The PDSCH rate matching does not introduce dynamic pattern determination as a function of PDSCH resource allocation
Note: The case of wideband PRG is not in scope of this Rel-16 TEI proposal.
Note: The RE-level rate-matching is not in scope of this Rel-16 TEI proposal.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]
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Appendix A. agreements
RAN1#90bis
	Agreements:
· On the RB-symbol level, UE can be configured with one or multiple DL resource set(s), each resource set configuration includes a first bitmap of RB granularity and a second bitmap of OFDM symbols within a slot for which the first bitmap applies (i.e. the intersection of two bitmaps). 
· These resource set(s) can be identified as resource sets(s) for which the PDSCH is or is not mapped based on the L1 signalling.
· FFS whether or not the presence of the information field to indicate the resource set is RRC configurable – conclude by Friday
· FFS whether a resource set is applicable in every slot or not (e.g., via a periodic configuration, etc.)
· Conclude by Friday whether or not there is RRC impact
· FFS the case of one DCI scheduling multi-slot transmission
· Note: covers future/backward compatible resource, parts of CORESETs, multiple CORESETs
· FFS L1 signaling is GC PDCCH or scheduling DCI
· CORESET(s) configured to a UE for monitoring can be included in resource set(s)
· If included, the entire COREST is assumed for rate matching when applicable
· These resource set(s) can be identified as resource sets(s) for which the PDSCH is or is not mapped based on the L1 signalling.
FFS the configuration details of rate matching for semi-static case (w/o L1 signalling)
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