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Background
In RAN1#90bis, the following agreements were made[1].
	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.





In the email discussion [90b-NR-38] after RAN1#90bis meeting, the following agreements were made [2]. 

	Proposal-1:
Working assumptions: 
·         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


Proposal-2:
·         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 resrouce 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.
0. 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


Proposal-3: 
·         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 this contribution, we present our views on remaining issues on rate matching configuration and/or signalling for PDSCH/PUSCH.
 
Rate matching of PDSCH
Semi-static configuration
In the email discussion [90b-NR-38] after RAN1#90bis meeting it was agreed the NR supports at least RB granularity (i.e. the finest granularity) for Bitmap-1 configuration. There is no need to support the other granularities, since no motivation to reduce RRC message overhead is seen. Therefore, bitmap-1 supports RB granularity only. 

Proposal 1:
· For DL, bitmap-1 supports RB granularity only.

In [90b-NR-38], it was agreed the NR supports at least bitmap-2 consisting of 14 bits. The larger size of bitmap-2 may provide longer burst patterns. However, a typical use case would be that the same PDCCH monitoring pattern applies to consecutive slots to average PDCCH monitoring occasion interval. In this sense, additional bitmap-3 configuration is sufficient in most cases. Therefore, we do not see the need to support the other sizes. The size of bitmap-2 is always 14.

Proposal 2:
· The size of bitmap-2 is always 14.

Given that CORESET is configured per serving cell and multiple BWP is supported in the serving cell, at least 4 CORESETs should be able to be configured per UE. In addition, the gNB may provide slot-based scheduling and non-slot-based scheduling at the same time. Therefore 8 resource sets may not be enough to avoid collisions with the other UE’s CORESET. Therefore, we propose that up to 16 resource sets can be configured in addition to the CORESETs which also work as resource sets.

Proposal 3:
· For DL, up to 16 resource sets can be configured in addition to the CORESETs which also work as resource sets.

In RAN1#90bis it was agreed that NR-PDSCH of SCS 15kHz can be rate-matched around LTE CRS. There is no other motivation to support RE level rate-matching resources for PDSCH. Therefore, RE-level bitmap configuration (i.e. bitmap-0) is not introduced.

Proposal 4:
· RE-level bitmap configuration (i.e. bitmap-0) is not introduced.
L1 signaling
In terms of container of L1 signaling, there are two options that have been proposed so far, UE specific PDCCH and group common PDCCH.
· Option 1: UE-specific PDCCH which schedules the PDSCH.
· Option 2: Group common PDCCH.
UE-specific scheduling PDCCH can provide different rate matching resource adaptations for different UEs. On the other hand, group common PDCCH is monitored by grouped UEs. Dynamic rate matching resource indication via the group common PDCCH may work as good as UE-specific PDCCH, if all of the UEs sharing a same CORESET always monitors a same group common PDCCH. However, this restriction causes a less flexibility of CORESET and/or group common PDCCH configurations. Moreover, when the network does not need dynamic slot format adaption, it can disable to monitoring of group common PDCCH to reduce power consumption. But, dynamic resource sharing may be necessary irrespective of use of the dynamic slot format adaption. Therefore, UE-specific scheduling DCI format should support L1 indication of PDSCH rate matching.

Proposal 5:
· UE-specific scheduling DCI format should support L1 indication of PDSCH rate matching.

With respect to L1 indication mechanism, the following options have been proposed.
· Option 1: 1 bit turns a single resource set on and off, one bit is signaled per each resource set
· Option 2: 1 bit turns all resource sets overlapping with PUSCH/PDSCH on and off
· Option 3: N bits turns a subset of resource sets on and off, 
· FFS: N
· FFS: one resource set can be only in one subset or multiple subsets
· FFS: handling of resources sets outside of the PUSCH/PDSCH allocation
· Option 4: 1 table-entry corresponding to a subset of resource sets turns the subset of resource sets on 
· Option 5: 1 table-entry corresponding to a subset of resource sets turns the subset of resource sets overlapping with PUSCH/PDSCH on

Given that the maximum number of resource sets is of the order of 16, Option 1 causes 16-bit information field in DCI and it is too much overhead. Option 2 turns on/off all of the 16 resource sets, and it causes less efficient use of PDSCH resources. Option 3 with N=2 provides reasonable balance between rate matching flexibility and DCI overhead.

Proposal 6:
· For DL, 2-bit field in DCI format turns a subset of configured resource sets off.
· Each entry specifies on/off states of all configured resource sets.
· The presence of the 2-bit field in DCI format is configured by higher layer signaling.

Rate matching of PUSCH
For UL, frequency domain resource sharing requires rapid symbol-by-symbol fluctuations of PUSCH transmission power. Therefore, RB based resource sharing should not be adopted. On the other hand, rate matching resource set configuration is still useful, since PUSCH transmission with rate matching can avoid collision with another UE’s short PUCCH transmission that would occur in a middle of the PUSCH transmission. The frequency domain granularity of a resource set should be always equal to the maximum number of RBs. Therefore, bitmap-1 is not necessary. 

Proposal 7:
· For PUSCH rate matching, NR supports resource set configuration.
· The frequency domain granularity of the resource set is always equal to the maximum number of RBs.


Conclusion
In this contribution, rate matching for PDSCH and PUSCH is discussed, and we propose:

Proposal 1:
· For DL, bitmap-1 supports RB granularity only.
Proposal 2:
· The size of bitmap-2 is always 14.
Proposal 3:
· For DL, up to 16 resource sets can be configured in addition to the CORESETs which also work as resource sets.
Proposal 4:
· RE-level bitmap configuration (i.e. bitmap-0) is not introduced.
Proposal 5:
· UE-specific scheduling DCI format should support L1 indication of PDSCH rate matching.
Proposal 6:
· For DL, 2-bit field in DCI format turns a subset of configured resource sets off.
· Each entry specifies on/off states of all configured resource sets.
· The presence of the 2-bit field in DCI format is configured by higher layer signaling.
Proposal 7:
· For PUSCH rate matching, NR supports resource set configuration.
· The frequency domain granularity of the resource set is always equal to the maximum number of RBs.
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