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1 Introduction

Great efforts have been made during previous meetings on the configuration of rate-matching resource sets. However, to our understanding, there remain several open issues whose details can be further discussed. In this contribution, we share our point of views on such remaining issues.
2 Discussion
During RAN1#90 [1], the following agreements were achieved.
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.
In addition, the following descriptions were captured in TS 38.211 [2].
TS 38.211:
The UE shall assume the block of complex-valued symbols 
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 conform to the downlink power allocation specified in [6, TS 38.214] and are mapped in sequence starting with 
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 in the virtual resource blocks assigned for transmission which meet all of the following criteria:
-
…

-
the corresponding resource elements in the corresponding physical resource blocks are
-
…

-
not declared as 'not available for PDSCH' according to clause 5.1.4 of [6, TS 38.214]
The first issue is related to the UE behavior when the RB-level reserved resource includes one PRB that overlaps with the resource allocation. The main concern is about the channel estimation accuracy due to the punctured DMRS.

To our understanding, the UE can handle channel estimation exactly the same way irrespective of whether the available PRBs are signaled only dynamically (by resource allocation field in DCI) or by a combination of resource allocation and RRC configuration. In the end it is just a matter to determining which PRBs are not used for PDSCH mapping. From network perspective, we would normally prefer to have the flexibility to reserve PRBs semi-statically and still use any resource allocation type at the same time.
Proposal 1: UE is expected to decode the PDSCH with the resource allocation overlapped with the RB-level reserved resource.

· The PDSCH is rate-matched around the reserved resource.
The second issue comes from the multiplexing between PDCCH and PDSCH. Note that resources for a CORESET within a BWP can be configured as rate-matching resources. Then an L1 signaling can be used to indicate PDSCH mapped within the CORESET. If a PDCCH is decoded from the CORESET, the PDSCH should be rate-matched around the CCEs carrying the PDCCH to comply with the following agreement [1].
RAN1 #90 Agreements:
· At least the following is supported
· When the scheduled PDSCH overlaps with the PDCCH scheduling the PDSCH, the UE shall assume that the scheduled PDSCH is rate-matched around the PDCCH scheduling the PDSCH
· Other forms of resource sharing between PDCCH and PDSCH are not precluded
However, there exist two following specific scenarios where mistakes may occur.

One is when a PDCCH candidate under AL=16 overlaps another PDCCH candidate under AL=8, PDCCH can be successfully decoded using either AL=16 or AL=8 no matter which AL is used by gNB. This is with large probability for high enough SNR. In this scenario, for example, if the PDCCH is decoded using AL=8 but is actually transmitted using AL=16, UE will assume that the PDSCH is rate-matched around 8 CCEs and mistakes occur.

Another is when CORESET precoder granularity is configured as the size of the CORESET in the frequency domain. In this case, PDCCH DMRS is transmitted in all RBs configured for the CORESET even if only a few CCEs are used for PDCCH transmission. To this date, it is also not enough to have the PDSCH only rate-matched around the PDCCH.
Without the loss of resource efficiency, we have the following proposal:
Proposal 2: PDSCH is rate-matched

· around the candidate under larger AL if PDCCH is decoded from either of two overlapped candidates with different ALs.

· around all REs for PDCCH DMRS when CORESET precoder granularity is configured as the size of the CORESET in the frequency domain.

Another issue can be considered is with the respect to the phase continuity/discontinuity caused by rate-matching resource set. In LTE, an antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed. However in this case, the rate-matching resource sets may result in time-domain and/or frequency-domain discontinuity among partitioned parts. As a result, interpolation in either time-domain or frequency-domain among reference signals even for the same antenna port will lead to channel estimation and/or measurement inaccuracy. In frequency, it can be a gNB implementation issue to avoid such issue. However, it will be an issue in time. To this date, whether in time domain the channel on one symbol (group) can be inferred from the channel on another symbol (group) should be informed to the UE. In another word, phase continuity/discontinuity among different partitioned parts should be informed to the UE.

Proposal 3: Phase continuity/discontinuity between different partitioned parts on sides of rate-matching resource set(s) should be informed.
Resource block is defined as 
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 consecutive subcarriers as a concept in frequency-domain. It is not clearly described now in section 5.1 of TS 38.214 in which set of symbols the UE shall assume that PDSCH is rate matched around the PRB containing SS/PBCH block transmission resources, when the PDSCH resource allocation overlaps with these PRBs. This may cause confusion and misunderstanding. Hence, it is proposed to make it clear that that only PRBs in OFDM symbols where the SS/PBCH Block is transmitted are rate matched for PDSCH.

Proposal 4: Adopt the TP in Appendix A to TS 38.214.
3 Conclusion
Proposal 1: UE is expected to decode the PDSCH with the resource allocation overlapped with the RB-level reserved resource.

· The PDSCH is rate-matched around the reserved resource.
Proposal 2: PDSCH is rate-matched

· around the candidate under larger AL if PDCCH is decoded from either of two overlapped candidates with different ALs.

· around all REs for PDCCH DMRS when CORESET precoder granularity is configured as the size of the CORESET in the frequency domain.
Proposal 3: Phase continuity/discontinuity between different partitioned parts on sides of rate-matching resource set(s) should be informed.
Proposal 4: Adopt the TP in Appendix A to TS 38.214.
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Appendix A: Text proposal for rate matching around SS block
---------------------------------- Start of Text Proposal ---------------------------------
5.1
UE procedure for receiving the physical downlink shared channel

For downlink, a maximum of 16 HARQ processes per cell is supported by the UE. The number of processes the UE may assume will at most be used for the downlink is configured to the UE for each cell separately by higher layer parameter nrofHARQ-processesForPDSCH.

A UE shall upon detection of a PDCCH with a configured DCI format 1_0 or 1_1 decode the corresponding PDSCHs as indicated by that DCI. The UE is not expected to receive the corresponding PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Subclause 9.2.3 of [6].
[If a UE is configured to decode PDCCH with the CRC scrambled with the [C-RNTI], the UE shall decode the PDCCH and corresponding PDSCH.] 

If the UE has received no SSB-transmitted through higher layer signalling about SS/PBCH block transmissions in the serving cell, the UE assumes SS/PBCH block transmission according to SSB-transmitted-SIB1, and if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources in the OFDM symbols where SS/PRBCH block is transmitted the UE shall assume that PDSCH is rate matched around these PRBs in the OFDM symbols where SS/PBCH block is transmitted. The UE assumes the periodicity of the SS/PBCH block transmission resources based on SSB-periodicity-serving-cell.

If the UE has received a SSB-transmitted through higher layer signalling about SS/PBCH block transmissions in the serving cell, the UE assumes SS/PBCH block transmission according to the SSB-transmitted, and if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources in the OFDM symbols where SS/PBCH block is transmitted the UE shall assume that PDSCH is rate matched around these PRBs in the OFDM symbols where SS/PBCH block is transmitted. The UE assumes the periodicity of the SS/PBCH block transmission resources based on SSB-periodicity-serving-cell.
When receiving the PDSCH conveying [SystemInformationBlockType1], a UE may assume that no SS/PBCH block is transmitted in REs used by the UE for a reception of the PDSCH.

When receiving the PDSCH conveying [RAR, OSI, Paging, Msg4], the UE assumes SS/PBCH block transmission according to SSB-transmitted-SIB1, and if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources in the OFDM symbols where SS/PBCH block is transmitted the UE shall assume that PDSCH is rate matched around these PRBs in the OFDM symbols where SS/PBCH block is transmitted.

When receiving PDSCH for RMSI or broadcasted Other System Info or paging the UE may assume that the DM-RS port of PDSCH is quasi co-located with the associated SS/PBCH block with respect to [spatial RX parameters].

When receiving PDSCH for Random Access Response the UE may assume that the DM-RS port of PDSCH is quasi co-located with the SS/PBCH block the UE selected for RACH association and transmission, as defined in Subclause [TBD] of [6, TS 38.213], with respect to [spatial RX parameters].

When receiving PDSCH conveying Msg4 of Random Access Procedure the UE may assume that the DM-RS port of PDSCH is quasi co-located with the SS/PBCH block the UE selected for RACH association and transmission, as defined in Subclause [TBD] of [6, TS 38.213], with respect to [spatial RX parameters].

If the UE is not configured for PUSCH/PUCCH transmission for at least one serving cell configured with slot formats comprised of DL and UL symbols, and if the UE is not capable of simultaneous reception and transmission on serving cell c1 and serving cell c2, the UE is not expected to receive PDSCH on serving cell c1 if the PDSCH overlaps in time with SRS transmission (including any interruption due to uplink or downlink RF retuning time [10]) on serving cell c2 not configured for PUSCH/PUCCH transmission. 
------------------------------------End of Text Proposal -------------------------------
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