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1 Introduction
This is a revision of R1-1809430 from RAN1 #94. In this memo, we discuss the following issues related to PDSCH rate matching and TA
· PDSCH rate matching with PDCCH Wideband RS
· Aperiodic NZP-CSIRS Resources 
· Rate-Matching LTE-CRS for Downlink Sharing
· TA Granularity with Different Numerologies among Multiple UL BWPs
2 PDSCH Rate Matching with PDCCH Wideband RS
PDSCH can be dynamically configured by the network to rate match into the CORESET where the scheduling PDCCH is detected. Agreements in agenda 7.1.3.5 of RAN1 92bis specify how to specify that when wideband reference signal (WB-RS) is configured to a CORESET [1], rate matching is performed around the union of PDCCH REs and WB-RS REs including WB-RS REs embedded in CCEs of the scheduling PDCCH and WB-RS REs outside CCEs of the scheduling PDCCH. In addition, according to the agreements in agenda 7.1.3.1.1 of RAN1 92bis, when WB-RS is configured, the CORESET may have more than one clusters each with contiguous RBs and the maximum allowed number of clusters is 4.
Agreements:
· [bookmark: _Hlk519409467]When UE is to rate-match a PDSCH around PDCCH scheduling the PDSCH, and PDCCH is received in the CORESET configured with WB RS, the UE shall rate-match around 
· The union of REs of the PDCCH scheduling the PDSCH and the WB RS REs for the configured CORESET
Agreements:
· For WB RS CORESET, the UE is expected to be configured with the CORESET only with the following possibilities:
· Up to 4 clusters, each cluster consisting of contiguous RBs.
· It is clarified that the counting rule of CCE for channel estimation is the same between NB RS CORESET and WB RS CORESET, which implies following:
· The number of CCEs for channel estimation in case of WB RS CORESET is counted as the union of the sets of CCEs for PDCCH candidates to be monitored and hence BW of the WB RS CORESET is not restricted by CCE limit for channel estimation.
· Note: it is up to RAN4 whether UE may perform channel estimation within a BW smaller than the maximum number of contiguous RBs within the WB RS CORESET

The rate-matching agreements state that PDSCH is rate matched around “WB RS REs for the configured CORESET” which imply that PDSCH is rate matched around configured locations of WB RS REs in the entire CORESEET rather than only around locations of WB RS REs actually transmitted for the scheduling PDCCH. This clearly has an advantage for UE implementation that the same PDSCH rate matching around WB RS REs pattern is maintained and handled by the UE for all PDCCH candidates within a slot or from slot to slot.
PDSCH rate matching around PDCCH was captured in 38.214 section 5.1.4.1 with the statement that rate matching resources are “resources corresponding to union of detected PDCCH that scheduled the PDSCH and associated PDCCH DM-RS are not available for PDSCH” [2]. For channel estimation purpose, network needs not to transmit WB-RS in a cluster that does not contain the PDCCH. The spec wording “associated PDCCH DM-RS” implies that rate matching around WB-RS is performed only in a cluster that contains the scheduling PDCCH and not in a cluster that does not contain the scheduling PDCCH. This is shown by the figure below where the CORESET has four clusters and in a slot REs of the scheduling PDCCH are allocated in one cluster. When PDSCH rate matching into CORESET is configured in this slot, REs corresponding to the configured WB-RS are considered as data REs for PDSCH in a cluster that does not contain the scheduling PDCCH.


It maximizes the usable resource for PDSCH by rate matching PDSCH around WB-RS only in clusters where REs of PDCCH payload exist. However, it increases the UE implementation complexity because locations of different PDCCH candidates are different within a slot and location of the scheduling PDCCH may change from slot to slot in the CORESET. Therefore, the pattern of PDSCH rate matching around WB-RS may change within a slot and from slot to slot depending on which clusters contain the PDCCH. Figures below show the four patterns of PDSCH rate matching around WB-RS in the CORESET if the PDCCH is allocated in one cluster. In reality, the PDCCH may exist in one or multiple clusters and the maximum number of patterns is  for a CORESET with  clusters (see values in the table). 

	
	1
	2
	3
	4

	Max # of patterns
	1
	3
	7
	15








We would like to have a single pattern of PDSCH rate matching around WB-RS in the CORESET of the scheduling PDCCH in all slots so that UE complexity does not increase as the number of clusters increases. Once the CORESET is configured, the UE always rate matches PDSCH around REs corresponding to locations of the configured WB-RS in all clusters independent of actually transmitted DMRS patterns from gNB. In a cluster that contains the PDCCH, reference signals are transmitted over REs corresponding to the configured WB-RS. In a cluster that does not contain the PDCCH payload, REs corresponding to the configured WB-RS are virtual WB-RS REs which carry neither PDSCH data nor reference signals. As shown by the figure, pattern of PDSCH rate matching around WB-RS does not change within a slot or from slot to slot. 



We have the following proposal for PDSCH rate matching in CORESET configured with WB RS.
[bookmark: p1]Proposal 1: When UE is to rate-match a PDSCH around the PDCCH scheduling the PDSCH, and PDCCH is received in the CORESET configured with WB RS, the UE shall rate-match around the union of REs of the PDCCH scheduling the PDSCH and locations of the configured WB RS REs independent of actually transmitted DMRS from gNB in all clusters of the entire CORESET including any cluster that contains an RE of the scheduling PDCCH and any cluster that does not contain any RE of the scheduling PDCCH.
3 Aperiodic NZP-CSIRS Resources 
An important issue on the PDSCH rate matching is related to the rate matching of the aperiodic NZP-CSIRS resources. As a background related to the rate matching of NZP-CSIRS resources, please find below the related agreements:
	RAN1-#3 (Nagoya)
Agreement:
RMR(s) for PDSCH resource mapping includes CSI-RS REs at least.
 
RAN1-90 (Aug Prague 2017)
Conclusion:
· FFS PDSCH rate matching/puncturing w.r.t.  at least the following signals. 
· NZP CSI-RS resource(s) for channel measurement
· DMRS for PDSCH for the UE.
· DL PTRS
· TRS
· FFS: NZP CSI-RS for interference measurement
· Impact due to CLI if any
· Note: PDSCH rate matching for DL control channel, SS block, reserved resource are out of MIMO scope

RAN1-91 (Reno 2017)
Agreement:
UE rate matches PDSCH around ZP-CSI-RS
Agreements:
        NR supports aperiodic ZP-CSI-RS for rate matching, with a separate DCI field for triggering aperiodic ZP-CSI-RS
 
RAN1-AH-1801 (Vancouver 2018)
Agreement: 
CSI-IM REs are not rate matched around unless they are covered by ZP CSI-RS resources.
Note that the above agreement has no additional specification impact
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
Agreement:
  By default, UE does not perform rate matching on REs overlapped with at least CSI-RS for mobility
  Note: 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.




Observation 1: No agreement has been made which leads to the conclusion that a UE is expected by default to rate match aperiodic NZP CSIRS resources. However, in 36.211 Section 7.3.1.5, such UE behaviour has been specified.
However, in Section 7.3.1.5 of 38.211, the specification assumes that the UE is expected to rate match around all NZP CSIRS resources except those for mobility, independent of whether these resources are aperiodic, semi-persistent or periodic. 
	


[bookmark: _Hlk494185391]The UE shall, for each of the antenna ports used for transmission of the physical channel, assume the block of complex-valued symbols  conform to the downlink power allocation specified in [6, TS 38.214] and are mapped in sequence starting with  to resource elements  in the virtual resource blocks assigned for transmission which meet all of the following criteria: 
-	they are in the virtual resource blocks assigned for transmission. 
[bookmark: _Hlk494798725]-	they are declared as available for PDSCH according to clause 5.1.4 of [6, TS 38.214]
-	the corresponding resource elements in the corresponding physical resource blocks are
-	not used for transmission of the associated DM-RS or DM-RS intended for other co-scheduled UEs as described in clause 7.4.1.1.2
-	not used for non-zero-power CSI-RS according to clause 7.4.1.5, except for non-zero-power CSI-RSs configured by the higher-layer parameter CSI-RS-Resource-Mobility in the MeasObjectNR IE.
-	not used for PT-RS according to clause 7.4.1.2
[bookmark: _Hlk494797914]-	not declared as 'not available for PDSCH according to clause 5.1.4 of [6, TS 38.214]



Expecting by the UE to rate match aperiodic NZP CSIRS resources by default results in several critical issues which all stem by the fact that the triggering of the NZP CSIRS resources is happening in a different DCI (UL DCI), than the one scheduling the DL PDSCH.
· Note that it is allowed in current specification (without an associated UE capability) an UL DCI in CC1 to trigger an AP NZP CSIRS resource in a CC2 which is different than CC1. 
· This means, that the UE is required to take into account all UL DCIs across potentially multiple CCs (in the worst case all CCs), before determining the PDSCH rate matching in a CC.

Observation 2: In current specification, PDSCH rate-matching for one CC cannot be performed before all grants are detected in any of the search spaces in any of the CCs. 
· The problem described above is similar to the discussion of xCC PDSCH scheduling, where two main modes of xCC PDSCH scheduling have been defined (both being optional with capability signalling). 
· Declaring the UE capability of Line 6-10, means that the UE is able to monitor multiple SSs in a CC1, yet any specific SS cannot be used to schedule PDSCH on multiple CCs
· Declaring the UE capability of Line 6-21, means that the UE is able to monitor multiple SSs in CC1, and any  specific SS can be used to schedule PDSCH on multiple CCs, or in other words a SS can be shared across multiple CCs, and the reason why this capability is called “SS sharing”

	6-10
	Cross carrier scheduling for the same numerology
	1) Cross carrier scheduling for the same numerology with CIF
	6-5, 6-6
	Cross carrier scheduling is not possible
	Optional with capability signaling

	6-21
	DL search space sharing for CA
	
	6-10 or 6-10a
	
	Optional with capability signaling



Observation 3: “SS sharing” is an optional UE capability feature which requires a UE to kick off the PDSCH processing after all SSs in all CCs have been processed. AP NZP CSIRS rate matching in current specification has a similar complexity to that of “SS Sharing”, since the UE is required to process all UL grants in any SS of any CC before being able to determine the PDSCH rate matching.   
· When QCL Type D is not configured, there is no gap between the UL DCI and the aperiodic NZP CSI-RS transmission, so for these cases, the problem is even more critical, as the UE is required to detect all PDCCH across all CCs in the same slot before kicking off the PDSCH processing. 

Observation 4: When QCL Type D is not configured, there is no gap between the UL DCI and the AP NZP CSIRS transmission, which makes the timeline of AP NZP CSIRS rate matching even more critical. 
· Multiple grants & Rate matching: In some cases, based on current specification, there could be multiple DCI grants that impact one PDSCH rate matching.:
· For example, a UE supports transmissions with possibly different timelines, e.g in NR with both Cap#1 and 2 timelines. In such a case, the first set of grants, could impact the PDSCH rat ematching scheduled by the 2nd grant.
· For example, the first grant might be a DL grant with ZP-CSI information and the second grant might be an UL grant scheduling CSI-RS, and still these grants have different timelines. 
· There could be multiple grants with even the same timeline, but the first grant triggers ZP/NZP-CSI-RS that may fall within the PDSCH region scheduled by the second grant. 
· Is the UE expected to PDSCH rate match around the ZP CSI-RS indicated by DCI for a different PDSCH? Such an agreement has not been made, and it would have significant impact on the timelines. 

Observation 5: Allowing the PDSCH rate matching to be affected by the information included in other UL or DL grants beyond the grant that schedules this specific PDSCH is problematic. 
One final remark is that a similar issue was treated in LTE, in which case it was agreed that the UE only rate matches ZP CSIRS triggered on the scheduling DCI:
	For LTE Rel-14: RAN1#86 Agreement:
· Definition of Aperiodic ZP CSIRS:
· For PDSCH rate matching on BF CSIRS due to aperiodic CSI-RS and/or multi-shot CSI-RS, an aperiodic ZP CSIRS resource is indicated. 
· Aperiodic ZP CSIRS resource configuration is defined without Subframe_config
· UE conducts PDSCH rate matching on aperiodic ZP CSIRS at the subframe when the DCI is signaled.


Based on the above, we make the following proposal:
Proposal 2: UE does not explicitly perform rate matching on a PDSCH
· on the REs overlapped with an aperiodic NZP CSI-RS resource unless
· these resources are triggered by an UL DCI in a PDCCH whose last symbol is received at least 14 symbols before the first symbol of this PDSCH in the smallest SCS of the CC’s for the PDSCH and the PDCCH
· on the REs overlapped with a ZP-CSIRS resource scheduled by a DL DCI other than the one which scheduled this PDSCH.
4 Rate-Matching LTE-CRS for Downlink Sharing 
For LTE and NR downlink sharing from the network perspective, the NR UE rate-matches around the LTE CRS. So far, it is agreed that the subframe type (i.e., MBSFN vs. non-MBSFN), number of CRS ports, and CRS v_shift are configured for the NR UEs. Hence, in an FDD band, the NR UEs are aware of the time-frequency resources used for LTE CRS. In a TDD band, however, more information should be available at the NR UE. Specifically, without exchanging the LTE TDD configuration and special subframe configuration, the CRS resources are not known at the NR UE. 

This issue can be addressed in two different ways: First, if the LTE UL/DL configuration as well as the special subframe configuration can be configured for the NR UEs via a higher layer signaling, the rate-matching around the CRS REs can be done. However, if introducing additional signaling is not favorable, an alternative approach should be devised. 

The alternative approach is that the NR UE uses its own semi-static TDD configuration to infer the LTE TDD configuration. Basically, from the network perspective, it is favorable to keep the NR and LTE TDD configuration similar to the extent possible. Based on this fact, the NR UE assumes that the most similar LTE TDD configuration is chosen. Hence, the LTE and NR UL/DL directions are similar in some portions of the frame, and possibly are different in some other portions, e.g., during the special subframes of LTE. Next, the NR UE follows its own scheduling; if an uplink is scheduled over a portion of the slot, and if the direction of this portion is similar to that of the assumed LTE configuration, no rate-matching is needed. In case, the directions are different, the NR UE should rate-match its UL around the REs used by LTE for CRS. If the NR UE is scheduled with a DL grant, and assumed LTE configuration has UL direction, no rate-matching is needed. If both direction are the same, the NR UE performs rate-matching. If the NR DL allocation falls within a portion of the LTE frame for which the direction is unknown, the NR UE rate-matches around the LTE CRS. This is possible since the location of the CRS symbols in the normal subframes and the DwPTS of special subframes is always fixed. 

Proposal 3: For NR rate-matching around LTE CRS in TDD band, consider one of the following two options:
· Option 1: The LTE TDD configuration and special subframe configuration is configured for the NR UE.
· Option 2: The NR UE assumes the LTE TDD configuration which is the most similar to its own semi-statically configured configuration. Whether the NR UE performs rate-matching or not depends on whether the NR allocation falls into the uplink, downlink, or unknown portion of the assumed LTE TDD configuration. 
5 TA Granularity with Different Numerologies among Multiple UL BWPs
RAN1 made the following working assumption in RAN 92 [1]
	Working assumption:
· For the timing advance in MAC-CE in the case with multiple configured UL BWPs in the TAG, the granularity depends on the maximum SCS of all the activated UL BWPs including SUL within the TAG.
· When the TA is adjusted based on the timing advance in MAC-CE in higher SCS, the TA in lower SCS may be rounded in order to align with lower SCS TA granularity 
· This may result in different timing across UL carriers within the same TAG
· This revises the past agreement of SUL of the granularity of the smaller subcarrier spacing between UL and SUL.



 
During the last meeting [2], RAN1 updated the previous working assumption to the following:
	








In other cases, a timing advance command [11, TS 38.321], , for a TAG indicates adjustment of the current  value, , to the new  value, , by index values of  = 0, 1, 2,..., 63, where for a subcarrier spacing of  kHz, . If a UE has multiple active UL BWPs in a same TAG, including UL BWPs in two UL carriers of a serving cell, the timing advance command value is relative to the largest larger subcarrier spacing of the multiple active UL BWPs. The applicable  value for an UL BWP with lower subcarrier spacing may be rounded to align with the timing advance granularity for the UL BWP with the lower subcarrier spacing while satisfying the timing advance accuracy requirements in [10, TS38.133].


 
Proposal 4: Confirm the above working assumption.


6 Conclusions 
In this contribution, we discussed remaining issues for PDSCH rate matching and have made the following observations and proposals:
Proposal 1: When UE is to rate-match a PDSCH around the PDCCH scheduling the PDSCH, and PDCCH is received in the CORESET configured with WB RS, the UE shall rate-match around the union of REs of the PDCCH scheduling the PDSCH and locations of the configured WB RS REs independent of actually transmitted DMRS from gNB in all clusters of the entire CORESET including any cluster that contains an RE of the scheduling PDCCH and any cluster that does not contain any RE of the scheduling PDCCH.
Observation 1: No agreement has been made which leads to the conclusion that a UE is expected by default to rate match aperiodic NZP CSIRS resources. However, in 36.211 Section 7.3.1.5, such UE behaviour has been specified.
Observation 2: In current specification, PDSCH rate-matching for one CC cannot be performed before all grants are detected in any of the search spaces in any of the CCs. 
Observation 3: “SS sharing” is an optional UE capability feature which requires a UE to kick off the PDSCH processing after all SSs in all CCs have been processed. AP NZP CSIRS rate matching in current specification has a similar complexity to that of “SS Sharing”, since the UE is required to process all UL grants in any SS of any CC before being able to determine the PDSCH rate matching.   
Observation 4: When QCL Type D is not configured, there is no gap between the UL DCI and the AP NZP CSIRS transmission, which makes the timeline of AP NZP CSIRS rate matching even more critical. 
Observation 5: Allowing the PDSCH rate matching to be affected by the information included in other UL or DL grants beyond the grant that schedules this specific PDSCH is problematic. 
Proposal 2: UE does not explicitly perform rate matching on a PDSCH
· on the REs overlapped with an aperiodic NZP CSI-RS resource unless
· these resources are triggered by an UL DCI in a PDCCH whose last symbol is received at least 14 symbols before the first symbol of this PDSCH in the smallest SCS of the CC’s for the PDSCH and the PDCCH
· on the REs overlapped with a ZP-CSIRS resource scheduled by a DL DCI other than the one which scheduled this PDSCH.

Proposal 3: For NR rate-matching around LTE CRS in TDD band, consider one of the following two options:
· Option 1: The LTE TDD configuration and special subframe configuration is configured for the NR UE.
· Option 2: The NR UE assumes the LTE TDD configuration which is the most similar to its own semi-statically configured configuration. Whether the NR UE performs rate-matching or not depends on whether the NR allocation falls into the uplink, downlink, or unknown portion of the assumed LTE TDD configuration. 
Proposal 4: Confirm the following working assumption.
	








In other cases, a timing advance command [11, TS 38.321], , for a TAG indicates adjustment of the current  value, , to the new  value, , by index values of  = 0, 1, 2,..., 63, where for a subcarrier spacing of  kHz, . If a UE has multiple active UL BWPs in a same TAG, including UL BWPs in two UL carriers of a serving cell, the timing advance command value is relative to the largest larger subcarrier spacing of the multiple active UL BWPs. The applicable  value for an UL BWP with lower subcarrier spacing may be rounded to align with the timing advance granularity for the UL BWP with the lower subcarrier spacing while satisfying the timing advance accuracy requirements in [10, TS38.133].
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PDSCH can be dynamically configured by the network to rate match into the CORESET where the scheduling PDCCH 


is detected. Agreements in agenda 7.1.3.5 of RAN1 92bis specify how to specify that whe


n wideband reference signal 


(WB


-


RS) is configured to a CORESET 


[1]
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When UE is to rate
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CORESET configured with WB RS, the UE shall rate
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match around 
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For WB RS CORESET, the UE is expected to be configured with the CORESET only with the following 


possibilities:
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Up to 4 clusters, each cluster consisting of contiguous RBs.


 


•


 


It is 


clarified that the counting rule of CCE for channel estimation is the same between NB RS CORESET and 


WB RS CORESET, which implies following:


 


•


 


The number of CCEs for channel estimation in case of WB RS CORESET is counted as the union of 


the sets of CCEs for 


PDCCH candidates 


to be monitored


 


and hence BW of the WB RS CORESET is 


not restricted by CCE limit for channel estimation.


 


•


 


Note: it is up to RAN4 whether UE may perform channel estimation within a BW smaller than the 


maximum number of contiguous RBs within 


the WB RS CORESET
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advantage for UE implementation that the same PDSCH rate matching around WB RS REs pattern is maintained and 
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PDSCH rate matching around PDCCH was captured in 38.214 section 5.1.4.1 with the statement that rate matching 
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