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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]NR supports the following configurable types of rate-matching for PDSCH
· RB-symbol level per BWP
· RB-symbol level per cell
· RE-level corresponding to one CRS pattern per cell 
· RE-level corresponding to ZP-CSI-RS per BWP (remaining detail up to MIMO AI)
In this contribution, we discuss RAN1 open issues of R15 related to rate-matching.
Remaining aspects of PDSCH rate-matching in R15 
Remaining details of RB-symbol level configuration per BWP/cell
The LTE specification does not contain expression “PDSCH is rate-matched around” and uses “PDSCH is not mapped in/to” instead. To follow LTE convention, we propose to change current NR specification accordingly.
Proposal-1: In sections 5.1.4.X of 38.214 replace the “PDSCH is rate-matched around” by the equivalent “PDSCH is not mapped in/to” 

Remaining details of RB-symbol level configuration per BWP/cell
After RAN1#91, it was left open, how many resource sets per BWP can be configured. We think that 4 sets are not sufficient, given the fact a UE can be configured with up to 10 different search-spaces with different periodicities within up to 3 CORESETs per BWP. 

Proposal-2: Support up to 8 resource-set-BWP configurations per UE

In the current version of the specification, the bitmap-1 can be configured only with RB granularity. We think it would be beneficial, from signaling efficiency, to support also granularities corresponding to the largest RBG size of 16 and CORESET configuration unit of 6RBs. 

Proposal-3: Bitmap-1 of a RB-symbol level resource set can be configured with a granularity of 1, 6 and 16 RBs.

From RAN2 point of view. The bitmap-3 can be configured with every resource-set-BWP/cell, however it was left for FFS whether this bitmap is applicable to resource-set-BWP/cell associated with L1-signalling. The advantage of the bitmap-3 being applicable for L1-toggled resource sets is that it would significantly improve spectral efficiency of NR. On the other hand, bitmap-3 could complicate the UE’s behavior when used with L1-toggled resource sets having different starting offsets of bitmaps-3. This complicates the determination of the common period if periods {1,5,10,40} have different starting offsets. However, if the configured periods are nested and units are identical for resource-sets in a resource-set-group, the UE can determine the rate-matching pattern given the longest configured period. 

Proposal-4: Bitmap-3 of {1, 5, 10, 40} units should be applicable also for resource-set-BWP/cell associated with the L1 signaling resource-set-group, if the configured units are the same and the configured bitmap-3 sizes are nested.

In NR, the CORESET configuration contains only frequency domain information, while the time-domain is determined by the parameters of associated search-spaces: (i) monitoring-offset-PDCCH-slot (ii) monitoring-periodicity-PDCCH-slot and (iii) monitoring-symbols-PDCCH-within-slot. Therefore, the natural choice is that CORESETs identified by CORESET-ID as Resource-set-BWP inherits the time domain properties from associated search-space-set(s).   

Proposal-5: CORESETs identified by CORESET-ID as Resource-set-BWP inherit the time domain properties from associated search-space-set(s).

Remaining details of RE level configuration of one CRS per Cell
The missing aspect of a CRS configuration within the cell is the configuration of the LTE center sub-carrier. The natural choice is to configure the center sub-carrier relative to sub-carrier 0 of common PRB0 which is aligned for all numerologies. 

Proposal-6: The rate-match-center-subcarrier-location is configured relative to sub-carrier 0 of common PRB0.

Remaining aspects of L1 signaling for RB-symbol level resource set groups
[bookmark: _GoBack]When two configurations resource-set-BWP/cell are fully or partially overlapping and are part of different L1-signalling resource-set-groups, for which the DCI bits indicate opposite states, the current specification seems to be clear enough. For example, as shown in Figure 1, if Resource-set-group-1 is L1-indicated as ”PDSCH not-mapped/rate-matched” and Resource-set-group-2 is not indicated as ”PDSCH not-mapped/rate-matched” then the intersection marked as yellow and red is clearly treated as ”PDSCH not mapped”, while PDSCH is mapped to the rest of the REs indicated by the frequency and time domain resource allocation (blue area).


Figure 1 Example of partially overlapping CORESETs

Observation-1: Current specification text already handles the case when two bits associated with two different Resource-set-groups, that contain overlapping resource, indicate opposite states.


Interaction of rate-matching resource with other NR signals 
[bookmark: _Hlk499916016][bookmark: _Hlk499916068]It has been agreed that “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.” This basically means that UE ignores the full rate-matching configuration when it overlaps with its own NR DMRS. This is clearly unwanted behavior.  

Instead, we think that R15 UE should be able to handle collisions of any NR signals (including NR DMRS) and channels other than PDSCH (e.g. PDCCH, PBCH, PRACH, etc.) with PDSCH rate-matching configuration. In other words, the UE should assume that the signals/channels other than PDSCH are present irrespective of the rate-matching configuration for PDSCH. 

Observation-2: In R15, when UE is configured with PDSCH rate-matching resources colliding, at least partially, with the NR signals/channels other than PDSCH, the NR UE expects that NR signals/channels are present. 

Proposal-7: Remove the “A UE is not expected to handle the case where PDSCH DM-RS REs are overlapping, even partially, with any RE(s) indicated by the rate-matching configuration rate-match-PDSCH-resource-set and rate-match-resources-v-shift and rate-match-resources-antenna-port and rate-match-CORESET.” from the NR specification.  

One exception is the interaction of ZP-CSI-RS with IMR and NZP-CSI-RS, for which the corresponding behavior should be agreed in MIMO AI.
Observation-3: The interaction of ZP-CSI-RS with IMR and NZP-CSI-RS is/shall be specified in MIMO AI
PDSCH rate-matching resources configured by RMSI 
We think that RAN1 should ask/recommend RAN2 to support in ASN.1 also a single resource-set-cell and a single LTE-carrier configuration by |RMSI or OSI] in addition to configuration by UE-specific RRC. This would limit the configuration overhead significantly. 

Proposal-8: The RAN1 recommends RAN2 to support a single resource-set-cell and a single LTE-carrier configuration also by |RMSI or OSI] in addition to UE-specific RRC configuration
· Bitmap-1 of resource-set-cell is configured with granularity of [16] RBs
· Send LS to RAN2
Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we have discussed the issue of rate-matching in NR, and have the following proposals and observations:
Proposal-1: In sections 5.1.4.X of 38.214 replace the “PDSCH is rate-matched around” by the equivalent “PDSCH is not mapped in/to” 
Proposal-2: Support up to 8 resource-set-BWP configurations per UE

Proposal-3: Bitmap-1 of a RB-symbol level resource set can be configured with a granularity of 1, 6 and 16 RBs.
Proposal-4: Bitmap-3 of {1, 5, 10, 40} units should be applicable also for resource-set-BWP/cell associated with the L1 signaling resource-set-group, if the configured units are the same and the configured bitmap-3 sizes are nested.
Proposal-5: CORESETs identified by CORESET-ID as Resource-set-BWP inherit the time domain properties from associated search-space-set(s).
Proposal-6: The rate-match-center-subcarrier-location is configured relative to sub-carrier 0 of common PRB0.
Observation-1: Current specification text already handles the case when two bits associated with two different Resource-set-groups, that contain overlapping resource, indicate opposite states.
Observation-2: In R15, when UE is configured with PDSCH rate-matching resources colliding, at least partially, with the NR signals/channels other than PDSCH, the NR UE expects that NR signals/channels are present. 

Proposal-7: Remove the “A UE is not expected to handle the case where PDSCH DM-RS REs are overlapping, even partially, with any RE(s) indicated by the rate-matching configuration rate-match-PDSCH-resource-set and rate-match-resources-v-shift and rate-match-resources-antenna-port and rate-match-CORESET.” from the NR specification.  
Observation-3: The interaction of ZP-CSI-RS with IMR and NZP-CSI-RS is/shall be specified in MIMO AI
Proposal-8: The RAN1 recommends RAN2 to support a single resource-set-cell and a single LTE-carrier configuration also by |RMSI or OSI] in addition to UE-specific RRC configuration
· Bitmap-1 of resource-set-cell is configured with granularity of [16] RBs
· Send LS to RAN2

The text changes corresponding to the above proposals are captured in the text proposal below:
	[bookmark: _Toc500966067]5.1.4		PDSCH resource mapping 
[bookmark: _Hlk500355486]The PDSCH is not mapped to REs corresponding to the union of configured or dynamically indicated resources in sections 5.1.4.1 and 5.1.4.2 are rate-matched by UE’s PDSCH.
[bookmark: _Toc500966068]5.1.4.1	PDSCH resource mapping with RB symbol level granularity
To decode PDSCH according to a decoded PDCCH, a UE may be configured with any of the higher layer parameters:
[bookmark: _Hlk502672136]-	Resource-set-BWP configuring up to [4]8 rate-match-PDSCH-resource-set(s) which may contain:
-	within a BWP, a pair of reserved resources. in numerology. of the BWP indicated by an RB level bitmap (higher layer parameter rate-match-PDSCH-bitmap1) with 1,6, or 16 RB granularity and a symbol level bitmap spanning one or two slots (higher layer parameters rate-match-PDSCH-bitmap2) for which the reserved RBs apply. For each pair of RB and symbol level bitmaps, a UE may be configured with a time-domain pattern (higher layer parameter rate-match-PDSCH-bitmap3) corresponding to a unit equal to a duration of the symbol level bitmap, and indicating whether the pair is present in the unit or not. The rate-match-PDSCH-bitmap3can be {1, 5, 10, [20 or 40]} units long. UE disregards configured rate-match-PDSCH-bitmap3 when the pair of RB and symbol level bitmaps is configured as dynamic and the configured units are the same and configured bitmap-3 sizes are not nested for the resource-set-BWP(s) and/or resource-set-cell(s) within a resource-set-group. The pair configured as dynamic by higher layer can be included in one or two groups of resource sets (higher layer parameters Resource-set-group-1 and Resource-set-group-2).
[bookmark: _Hlk502670875]-	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).
-	Resource-set-cell configuring up to 4 rate-match-PDSCH-resource-set(s) which may contain:
-	within a serving cell, a pair of reserved resources. in a given numerology. is indicated by an RB level bitmap (higher layer parameter rate-match-PDSCH-bitmap1) with RB granularity and a symbol level bitmap spanning one or two slots (higher layer parameters rate-match-PDSCH-bitmap2) for which the reserved RBs apply. For each pair of RB and symbol level bitmaps, a UE may be configured with a time-domain pattern (higher layer parameter rate-match-PDSCH-bitmap3) corresponding to a unit equal to a duration of the symbol level bitmap, and indicating whether the pair is present in the unit or not. The rate-match-PDSCH-bitmap3 can be {1, 5, 10, [20 or 40]} units long. UE disregards configured rate-match-PDSCH-bitmap3 when the pair of RB and symbol level bitmaps is configured as dynamic and the configured units are the same and configured bitmap-3 sizes are not nested for the resource-set-BWP(s) and/or resource-set-cell(s) within a resource-set-group. The pair configured as dynamic by higher layer can be included in one or two groups of resource sets (higher layer parameters Resource-set-group-1 and Resource-set-group-2).
A per BWP configured group Resource-set-group-1 or Resource-set-group-2 contains a list of RB symbol level resource set indices forming a union of resource-sets to which the PDSCH is not mapped rate-matched dynamically if corresponding bit in Rate matching indicator from [38.212] the PDCCH with a scheduling DCI indicates PDSCH not mapped. PDSCH is not mapped into the REs corresponding to the union of configured RB-symbol level resource-sets that are not included in neither of two groups are rate-matched by UE’s PDSCH. To decode PDSCH a UE’s PDSCH rate-matches aroundis not mapped to the REs corresponding to detected PDCCH that scheduled the PDSCH.
A UE is not expected to handle the case where PDSCH DM-RS REs are overlapping, even partially, with any RE(s) indicated by the rate-matching configuration rate-match-PDSCH-resource-set and rate-match-resources-v-shift and rate-match-resources-antenna-port and rate-match-CORESET.
[bookmark: _Toc500966069]5.1.4.2	PDSCH resource mapping with RE level granularity
To decode PDSCH according to a decoded PDCCH, a UE may be configured with any of higher layer parameters:
[bookmark: _Hlk502671630][bookmark: _Hlk502671012]-	LTE-carrier configuring common RS, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE carrier in a serving cell. The configuration contains rate-match-resources-v-shift consisting of LTE-CRS-vshift(s), rate-match-resources-numb-LTE-CRS-antenna-port consisting of LTE-CRS antenna ports 1, 2 or 4 ports, rate-match-centre-subcarrier-location representing the LTE carrier centre subcarrier location [determined offset from common subcarrier 0 of common PRB 0], rate-match-LTE-CRS-BW representing the LTE carrier bandwidth, and may also configure rate-match-LTE-CRS-MBSFN-subframeconfig representing MBSFN subframe configuration.
-	within a BWP, the UE can be configured with one or more zero-power CSI-RS resource configuration(s), in numerology of the BWP, according to the higher layer parameter ZP-CSI-RS-ResourceConfig. The following parameters are configured via higher layer signaling for each zero-power CSI-RS resource configuration:
-	ZP-CSI-RS-ResourceConfigId determines zero-power CSI-RS resource configuration identity.
-	ZP-CSI-RS-Density defines the zero-power CSI-RS frequency density, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
-	ZP-CSI-RS-FreqBand parameters enabling configuration of frequency occupancy of a ZP-CSI-RS resource within a BWP as defined in Subclause TBD of [4, TS 38.211].
-	ZP-CSI-RS-ResourceMapping defines the OFDM symbol and subcarrier occupancy of the ZP-CSI-RS resource within a slot that are given in Subclause 7.4.1.5 of [4, TS 38.211]. 
-	ZP-CSI-RS-timeConfig defines the ZP-CSI-RS periodicity and slot offset for periodic/semi-persistent ZP-CSI-RS. The allowable periodicity values of are given in Subclause [TBD] of [4, TS 38.211]. 
-	ZP-CSI-RS-ResourceConfigType defines the ZP-CSI-RS time domain behavior of ZP-CSI-RS resource configuration as described in Subclause [TBD] of [4, TS 38.211].
The ZP-CSI-RS configuration can be periodic and aperiodic. The UE is configured with a DCI field for triggering the aperiodic ZP-CSI-RS, and PDSCH is not mapped dynamically to the aperiodic ZP-CSI-RS if aperiodic ZP-CSI-RS is triggered. 
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