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Discussion and Decision
1 Introduction
The previous agreements related to rate-matching are summarized in the Appendix. In the following sections, we summarize views contributed to RAN1#92 in the following contributions:
	R1-1801349
	Remaining issues on reserved resources and rate-matching
	Huawei, HiSilicon
	withdrawn

	R1-1801741
	Remaining issues on rate matching for PDSCH and PUSCH
	CATT
	

	R1-1801990
	Corrections on Rate Matching
	Samsung
	

	R1-1802218
	Remaining issues on rate matching resources
	LG Electronics
	

	R1-1802509
	Resource reservation for NR DL
	Panasonic
	

	R1-1802541
	Remaining details on rate-matching in NR
	Nokia, Nokia Shanghai Bell
	

	R1-1802601
	Rate matching aspects for NR standalone operation
	AT&T
	

	R1-1802724
	Corrections on Slot configuration in TS 38.213
	Huawei, HiSilicon
	discussing SFI

	R1-1802729
	Remaining issues on reserved resources and rate-matching
	Huawei, HiSilicon
	

	R1-1802846
	On rate matching/puncturing for NR DL and UL channels
	Qualcomm Incorporated
	

	R1-1802918
	On the rate matching around the CORESET
	Ericsson
	

	R1-1802704
	Draft CR on rate matching around SS block in TS38.211
	Huawei, HiSilicon
	


2 Editorial changes
2.1 CORESETs and Search-space-sets
In previous meeting it has been agreed 

Agreements:
· The TP Alt2 in Section 3 of R1-1801159 is adopted (impact on 38.214)
----------------------------------- Begin of Text Proposal in Section 5.1.4 of TS 38.214--------------------------------------------

[…]
· Resource-set-BWP configuring up to [4] rate-match-PDSCH-resource-set(s) which may contain:
· within a BWP, a frequency domain resource of a CORESET with CORESET-ID [and time domain resource determined by the higher layer parameters monitoring-offset-PDCCH-slot and monitoring-periodicity-PDCCH-slot and monitoring-symbols-PDCCH-within-slot of search-space-sets associated with the CORESET with a CORESET ID]. This rate-matching resource set can be included in one or two groups of resource sets (higher layer parameters Resource-set-group-1 and Resource-set-group-2).

[…]

----------------------------------- End of Text Proposal in Section 5.1.4 of TS 38.214-----------------------------------------------

2.2 Resource-sets without bitmap-3
The following agreement shall be clarified in the specification:
Agreements:
· When bitmap-3 is not configured and bitmap-1/2 pair is configured for L1 indication for PDSCH rate matching,
· In case of unit size of bitmap-2 is one slot, bitmap-1/2 applies to each slot during slot(s) scheduled by DL assignment
· In case of unit size of bitmap-2 is two slots, first slot of bitmap-1 and 2 pair applies to all even-numbered slot(s) and second slot of bitmap-1 and 2 pair applies to all odd-numbered slot(s) overlapping with slot(s) scheduled by DL assignment

======================= Begin of Text Proposal in Section 5.1.4.1 in TS38.214 ==================

 […]

If rate-match-PDSCH-bitmap3 is not configured for bitmap pair and unit of symbol level bitmap is one slot, bitmap-pair applies to each slot of PDSCH scheduled by detected PDCCH. If rate-match-PDSCH-bitmap3 is not configured for bitmap pair and unit of symbol level bitmap is two slots, first slot of bitmap-1 and 2 pair applies to all even-numbered slot(s) and second slot of bitmap pair applies to all odd-numbered slot(s) overlapping with slot(s) of PDSCH scheduled by detected PDCCH.

For a bitmap pair included in one or two groups of resource sets and not configured with rate-match-PDSCH-bitmap3, 

- if unit of rate-match-PDSCH-bitmap2 is one slot, the bitmap-pair applies to each slot of PDSCH scheduled by detected PDCCH.

- if unit of rate-match-PDSCH-bitmap2 is two slots, first slot of bitmap pair applies to all even-numbered slot(s) and second slot of bitmap pair applies to all odd-numbered slot(s) overlapping with slot(s) of PDSCH scheduled by detected PDCCH 

[…]
======================= End of Text Proposal in Section 5.1.4.1 in TS38.213 ==================

2.3 SSB rate-matching by PDSCH
Add description to make it clear that only resources elements on OFDM symbols where the SS/PBCH Block is transmitted are set to zero when the resource elements are part of a partially overlapping common resource block and are not used for SS/PBCH transmission.

======================= Begin of Text Proposal in Section 7.4.3.1 in TS38.211==================

[…]
Any common resource block partially or fully overlapping with an SS/PBCH block shall be viewed as occupied and not used for transmission of PDSCH or PDCCH in the OFDM symbols where SS/PBCH block is transmitted. The UE may assume that the complex values corresponding to resource elements that are part of such a partially overlapping common resource block, and are not used for SS/PBCH transmission are set to zero in the OFDM symbols where SS/PBCH block is transmitted. 

[…]
======================= End of Text Proposal in Section 7.4.3.1 in TS38.211 ==================
3 PDCCH rate-matching
Majority of companies proposed to specify behaviour for collision of SSB and PDCCH, two companies would like to define also a behaviour for collision of NR PDCCH with other resources, e.g. RB-symbol level resources. Majority of companies prefer to drop whole PDCCH candidate if it at least partially overlaps with configured SSB, while one company proposes to drop only those CCEs of a PDCCH candidate that are at least partially overlapping with SSB. This being beneficial for UEs configured with higher ALs (e.g. for URLLC). Two companies propose in NR PDCCH AI to modify the structure of a CORESET given the overlap of a SSB and the CORESET. Based on the majority view, we have the following proposal:
Proposal 3-1: UE is not expected to decode a PDCCH candidate if the resources of the PDCCH candidate at least partially overlap with the resources configured to the UE by higher layer parameters either SSB-transmitted-SIB1 or by SSB-transmitted if configured.

4 PDSCH rate-matching
4.1 Remaining issues on cell-specific configurations

Three companies suggested to broadcast PDSCH RMRs in RMSI to ease the scheduling of broadcast (other than RMSI) for UEs in initial access, when operating e.g. 
· NR and LTE DL sharing

· NB-IoT and NR coexistence

and potentially other future reserved resources. In addition, initial access AI discusses separately rate-matching of RMSI around SSBs. 

Proposal 4-1: RAN1 recommends RAN2 to support optional broadcast of both RB symbol level and RE level reserved resources in the RMSI

· FFS reduction of configuration overhead 
· Send LS to RAN2
4.2 AL ambiguity in NR
The support of AL16 in NR created an ambiguity between AL8 and AL16. When the DCI size is less than 108 bits then the second half of CCEs is just a repetition, this enable UE to decode the AL16 as AL8. As a consequence, there would be PDSCH rate-matching ambiguity between gNB and UE, when rate-matching around PDCCH scheduling the PDSCH. Two solutions were proposed to this meeting: (i) UE rate-matches around the whole CORESET (ii) use CRC bits to differentiate the AL. In addition, the mapping of PDCCH to physical resource can be used (as in sTTI AI) to solve this ambiguity issue, and also rate-matching always around AL16 candidate (if configured and overlapping with AL8 candidate) would be a one simple solution. 
Proposal 4-2: Discuss on how to resolve AL8 and AL16 ambiguity in NR
Conclusion: Ambiguity only present when non-interleaved CORESET which is 1 symbol long and AL8 and AL16 PDCCH candidates have the same starting CCE.
Proposal 4-3: If the conclusion is agreed,

Option 1: do nothing 
Option 2: UE is not expected to be configured with both AL8 and AL16 non-interleaved CORESET which is 1 symbol long, if UE is not configured with rate-matching around the CORESET where AL8 and AL16 were configured. 
Option 3: When non-interleaved CORESET which is 1 symbol long and AL8 and AL16 PDCCH candidates have the same starting CCE, the UE rate-matches always around whole CORESET where AL8 and AL16 were configured.
Option 4: When non-interleaved CORESET which is 1 symbol long and AL8 and AL16 PDCCH candidates have the same starting CCE, the UE rate-matches always around AL 16.
4.3 Applicability of dedicated PDSCH RMR configurations to broadcast.
One company suggested to reconsider the rate-matching of broadcast PDSCH around RMR that are configured per BWP. 

Proposal 4-3: Rate-matching resources configured with dedicated RRC apply only to unicast PDSCH.
4.4 PDSCH DMRS and PDSCH RMR
RAN1#90 Agreements:

· On a RE level, NR-PDSCH of SCS 15kHz can be rate-matched around the following resources:
· LTE CRS

· Rate-matching resource can be semi-statically configured (using LTE v_shift and up to 4 CRS antenna port(s)) for a NR UE

· A UE is not expected to handle the case where NR-PDSCH DMRS REs are over-lapping, even partially, with any RE(s) indicated by the rate-matching configuration.
One company proposes to allow configuration of rate-matching resource over NR-PDSCH DMRS. If all the symbols of a PRB are rate-matched, the impact on channel estimation is the same as when resource-allocation does not allocate the PRB. Therefore, the following modification of existing agreement is proposed.     

Proposal 4-4: A UE is not expected to handle the case where NR-PDSCH DMRS REs are over-lapping, even partially, with any RE(s) indicated by the rate-matching configuration, except for the RB-symbol PDSCH rate-matching configuration when bitmap-2 indicates all symbols are rate-matched.
4.5 UE configured with WB RS

UE rate matches around PDCCH scheduling the PDSCH. If WB RS are configured for a UE, does UE rate-matches PDSCH also around the DMRS outside the PDSCH?  Not based on current agreements.
5 PUCCH rate-matching

Only one company proposed to support RRC rate-matching configurations for PUCCH. We propose to discuss this issue further in R16 together with PUSCH rate-matching. 
Proposal 5-1: For PUCCH rate matching, no additional impact on RRC configuration in Rel-15

6 Mobility NZP-CSI-RS 

In Vancouver, the following agreement has been reached:
Agreement:
· By default, UE does not perform rate matching on REs overlapped with at least CSI-RS for mobility, which is not configured with serving cell ID
· UE shall perform rate matching on REs overlapped with a CSI-RS for mobility only if ZP-CSI-RS covers the REs overlapped with the CSI-RS for mobility.
· FFS, rate matching on REs overlapped with CSI-RS for mobility configured with serving cell ID
Mobility CSI-RS are configured by higher layer paremeter CSI-RS-CellMobility. Part of this configuration is also physical cell ID. We think that UE shall rate-match PDSCH of a serving cell around the CSI-RS-CellMobility with cell ID matching the serving cell. Other option would be to puncture CSI-RS to PDSCH, but puncturing can result to NACK, the impact has not been studied in NR and therefore puncturing should be avoided. Therefore, we have the following proposal:

Proposal 6-4: UE shall rate-match PDSCH of a serving cell around the CSI-RS-CellMobility with cell ID matching the serving cell.
Conclusion: If above proposal is agreed, no additional text needs to be specified.

7 
Agreements

Agreements:

· On a RE level, NR-PDSCH of SCS 15kHz can be rate-matched around the following resources:

· LTE CRS

· Rate-matching resource can be semi-statically configured (using LTE v_shift and up to 4 CRS antenna port(s)) for a NR UE

· A UE is not expected to handle the case where NR-PDSCH DMRS REs are over-lapping, even partially, with any RE(s) indicated by the rate-matching configuration.

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 CORESET 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)

Agreements:

Working assumptions: 

· For NR_PDSCH

· On the RB-symbol level, NR supports at least UE specific RRC configuration of at least the following parameters for a rate-matching resource set(s)

· A UE can be RRC configured with one or multiple pairs of bitmap-1 and bitmap-2, each pair determining a time-frequency resource set, i.e. kronecker(transpose(bitmap-1), bitmap-2)  

· a bitmap-1 of at least RB granularity (up to 275 bits, one bit corresponding to one RB)

· FFS whether other granularities, e.g. 2,4, 6, 8,16 RBs, maximum number of RBs, are also supported

· a bitmap-2 of 14 symbols (i.e. 1 slot) in time for which the first bitmap applies (one bit per symbol) 
· FFS: support of bitmap-2 of size 28 a 56 symbols

· FFS configuration of bitmap-1 and bitmap-2 pairs or other method by RMSI/OSI

Agreements:
For NR_PDSCH

· On the RB-symbol level, for a rate-matching resource set(s), NR supports at least UE specific RRC configuration of bitmap-3 in addition to bitmap-1 and bitmap-2 pair

· A UE can be RRC configured with one bitmap-3 per each pair of bitmap-1 and bitmap-2 

· each bit in bitmap-3 corresponds to a unit equal to a duration of the bitmap-2, and indicates whether the pair is present in the unit or not 

· bitmap-3 is composed of {1, 5, 10, 20 or 40 units} but is at most of duration [down-select between 20 or 40 ms] 

· The lengh of bitmap-3 for different bitmap-1 and bitmap-2 pairs can be different.

· When bitmap-3 length is 1, bitmap-3 is not explicitly configured.

· the rate-matching configuration repeats in time with periodicity equal to duration of bitmap-3

· a UE rate-matches around union of resources (i.e resource sets) where, each resource is expressed by a set of bitmap-1, bitmap-2 and bitmap-3. 

· FFS: whether the bitmap-3 is configured or not when the pair of bitmap-1 and bitmap-2 is associated with L1 signalling.

· Note: the bitmap-3 can be configured at least for the pair of bitmap-1 and bitmap-2 is not associated with L1 signalling.

· FFS configuration of bitmap-3 or other method by RMSI/OSI

Agreements:
· For NR_PDSCH

· On the RB-symbol-level, the pair(s) of bitmap-1 and bitmap-2 is/are configured: 

· UE can be configured with resource set(s) 

· Alt1: either only per cell or only per BWP

· Alt2: no restriction 
· using common PRB indexing when configured per serving cell 

· the resource set is configured with a given numerology. FFS on conversion of the given numerology to numerology of the active BWP. 

· using UE-specific PRB indexing when configured per BWP 

· the resource set is configured in numerology of a BWP. 

In RAN1 #91
Agreements:

· The center-subcarrier location (12 bits), bandwidth (3 bits) and MBSFN subframe configuration for a single LTE carrier can be indicated to the NR UE in addition to the Vshift and the number of CRS ports for rate-matching around LTE CRS

Agreements:

For the already agreed resource sets for PDSCH rate-matching: 

· Up to 4 RB-symbol-level resource sets per cell & an indication to indicate for semi-static or dynamic rate matching per resource set by RRC

· Up to [4] RB-symbol-level resource sets per BWP & an indication to indicate for semi-static or dynamic rate matching per resource set by RRC
Agreements:

· For L1 signalling, NR supports 1 bit turns a group of resource-sets on and off, where 1bit is signalled per each group of resource sets 

· At most 2 groups of resource sets can be configured to a UE. The grouping is configured per BWP

Agreements:

· For PUSCH rate matching, no additional impact on RRC configuration in Rel-15

Agreements:

· Length of bitmap-2 can be up to 2 slots

In RAN1 AH1801

Agreements:

· The max number of Resource-set-BWP can be configured per each BWP is 4

R1-1801159
Summary of open issues related to rate-matching in NR
Nokia, Nokia Shanghai Bell
Agreements:

· The TPs in section 2 related to issue 2-2 of R1-1801159 are adopted (impact 38.211 and 38.214)

Agreements:

· The TP Alt2 in Section 3 of R1-1801159 is adopted (impact on 38.214)

Agreements:

· Include numerology µ in Resource-set-cell configuration (which was agreed previously but missing from the parameter Excel):

· Resource-set-cell configuration applies only to PDSCH of the same numerology

Agreements:

· Update the previous agreements as shown below:

· The center-subcarrier location (124 bits), bandwidth (3 bits) and MBSFN subframe configuration for a single LTE carrier can be indicated to the NR UE in addition to the Vshift and the number of CRS ports for rate-matching around LTE CRS

· Note: this is to cover 4 (max numerology ratio w.r.t. reference SCS)* 12 (subcarriers/RB) * 275 (RBs) subcarriers

Agreements:
· Bitmap-3 of {1, 2, 4, 5, 8, 10, 20 or 40} units and max 40ms (already supported by RRC) 

· Bitmap-3 applies also to resource-set-BWP/cell associated with L1 signalling.

Agreements:

· When bitmap-3 is not configured and bitmap-1/2 pair is configured for L1 indication for PDSCH rate matching,
· In case of unit size of bitmap-2 is one slot, bitmap-1/2 applies to each slot during slot(s) scheduled by DL assignment
· In case of unit size of bitmap-2 is two slots, first slot of bitmap-1 and 2 pair applies to all even-numbered slot(s) and second slot of bitmap-1 and 2 pair applies to all odd-numbered slot(s) overlapping with slot(s) scheduled by DL assignment

