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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
2.1 Rate-matching for multi-slot scheduling
UE behaviour was agreed and captured for dynamic rate-matching for multi-slot scheduled PDSCH when a bitmap pair is included in one or two groups and not configured with bitmap-3. Specifically, 

-
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.
However, note that dynamic resource sets also include those configured with a frequency domain resource of a CORESET with CORESET-ID and time domain resource determined by the search-space-sets associated with the CORESET with a CORESET ID. From our point of views, the rate-matching rule is different for dynamic resource sets configured with a frequency domain resource of a CORESET with CORESET-ID and time domain resource determined by the search-space-sets associated with the CORESET with a CORESET ID. We prefer that only in the first slot containing the resource sets within the scheduled multiple slots the resource sets are available for the PDSCH, while the resource sets in the other slots are not available. This is beneficial for coexistence between multi-slot eMBB and URLLC. Assuming the CORESET contains Type3-PDCCH common search space, it provides opportunities for URLLC transmission within the scheduled multiple slots by allowing the UE to monitor the CORESET on the other slots.
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Figure 1 Only in the first slot the resource set is available for the PDSCH
Proposal 1: For dynamic resource sets configured with a frequency domain resource of a CORESET with CORESET-ID and time domain resource determined by the search-space-sets associated with the CORESET with a CORESET ID, only in the first slot containing the resource sets within the scheduled multiple slots the resource sets are available for the PDSCH.
2.2 Remaining issues on cell-specific configurations
The motivations for supporting cell-specific resource set configuration are as follows. Firstly, the PDSCHs received by a UE until dedicated RRC can be configured include PDSCH carrying MSG2 with RA-RNTI, MSG4 with C-RNTI, and RMSI/OSI with SI-RNTI. To better support e.g., NR and LTE DL sharing and NB-IoT and NR coexistence for UEs in initial access, cell-specific resource set configurations are needed for the above (expect RMSI). Secondly, CSS sharing between RRC connected UEs was well discussed during previous meetings. It is likely the common PDSCH scheduled by a shared CSS will be limited within a subband with the same size as initial active BWP. Note that CSSs are configured on each BWP for a UE and are likely shared by another. Moreover, the dedicated RRC configured resource sets are usually different from UE to UE. Therefore, it is also benefit to consider cell-specific resource set configuration.

For PDSCH carrying RMSI, it will be left for smart gNB configuration, e.g., to use MBSFN subframe due to the strict resource limitation in PBCH. On the other hand, for PDSCH carrying MSG2, MSG4 and OSI, an open issue remained in RAN1 #92 meeting [1] is how to reduce the configuration overhead in RMSI. To our understanding, the following two alternatives can be considered.
· Alt. 1: to limit the configuration only within the initial active BWP
· This is because that the introduction of cell-specific resource set configuration is mainly for UEs in initial access. Note that all PDSCHs carrying MSG2, MSG4 and OSI are scheduled within the initial active BWP. Thus, the rate-matching resource outside of the initial active BWP can be configured using dedicated RRC instead of RMSI. To this date, at most 96 bits in frequency domain are needed, reduced from 275 bits.
· Alt. 2: to configure bitmap-1 only
· This is from NB-IoT and NR coexistence perspective where bitmap-1 could be sufficient in this use case. In addition, it is still necessary and cannot fully depend on resource allocation by smart gNB considering only resource allocation type 1, i.e., RIV is used for PDSCH carrying MSG2 and OSI. When only bitmap-1 is configured, the indicated RBs are applied to all symbols in all slots configured in bitmap-3.
To better support cell-specific resource set configuration with small signalling overhead, we slightly prefer to support both Alt. 1 and 2.

Proposal 2: RAN1 recommends RAN2 to support optional broadcast rate-matching resource sets in RMSI. To reduce configuration overhead, support

· limitation of the configuration only within the initial active BWP
· configuration of bitmap-1 only
2.3 Applicability of dedicated PDSCH rate-matching resource configuration to broadcast
This is related to the open issue whether broadcast PDSCH shall be rate-matched around dedicated RRC configured resource sets. If the above proposal is agreed that the cell-specific resource sets are supported, then the broadcast PDSCH shall always be rate-matched only around cell-specific resource sets. 
The reasons are as follows. For the PDSCH carrying MSG2, MSG4, OSI scheduled by CSS in the initial active BWP, the PDSCH shall be rate-matched only around cell-specific resource sets. This is because that UEs in initial access are not able to receive dedicate RRC. Even for RRC connected UEs with their BWPs overlapped with the initial active BWP, the same principle should be applied. For the PDSCH scheduled by a dedicated RRC configured CSS, considering the CSS sharing discussed in Section 2.2, the PDSCH shall also be rate-matched around cell-specific resource sets only. This is because only the cell-specific resource sets are common for different UEs.
Proposal 3: The broadcast PDSCH shall be rate-matched only around cell-specific rate-matching resource sets.
2.4 AL ambiguity in NR

During RAN1 #92 meeting [1], it was agreed that the ambiguity between aggregation levels 8 and 16 PDCCH candidates only happens in the case with non-interleaved CORESET spanning one OFDM symbol. However, we find that such ambiguity also happens in some other cases. In the following, we list some simulation results with the respect to PDCCH BLER under the cases where both aggregation levels 8 and 16 PDCCH candidates start from the first CCE.
Table 1 Use cases where both aggregation levels 8 and 16 PDCCH candidates start from the first CCE
	CORESET duration 

(symbol)
	Number of overlapped CCEs

	
	Non-interleaved
	Row of interleaver = 2
	Row of interleaver= 3
	Row of interleaver= 6

	1
	8
	4
	3 or 8/3
	2 or 4/3

	2
	4
	2
	3/2 or 4/3
	1 or 2/3

	3
	8/3
	4/3
	3/2 or 1
	1 or 1/2
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Figure 2 20-bit DCI payload and 4 CCEs overlapped
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Figure 3 40-bit DCI payload and 4 CCEs overlapped
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Figure 4 20-bit DCI payload and 3 CCEs overlapped
Note that in the above cases, with high enough SNR, small enough DCI payload size, such ambiguity also happens. Therefore, we propose to treat the AL ambiguity more generally, i.e., for all the cases where aggregation levels 8 and 16 PDCCH candidates having the same CCE starting position. The corresponding text proposal can be found in Appendix A.
Proposal 4: Ambiguity between aggregation levels 8 and 16 PDCCH candidates should be treated in all cases when they start from the same CCE. Adopt the TP in Appendix A to TS 38.214.
2.5 Interpretation of each bit in bitmap-1/2/3
It is still unclear how to interpret each bit in higher layer parameters rate-match-PDSCH-bitmap1, rate-match-PDSCH-bitmap2, and rate-match-PDSCH-bitmap3. Generally, the RB/symbol/time unit is available for PDSCH if the corresponding bit value is 1, the RB/symbol/time unit is not available otherwise. Thus, we propose the text proposal in Appendix B.
Proposal 5: For resource set configured with rate-match-PDSCH-bitmap1, -bitmap2, and –bitmap3, the RB/symbol/time unit is available for PDSCH if the corresponding bit value is 1, the RB/symbol/time unit is not available otherwise. Adopt the TP in Appendix B to TS 38.214.

2.6 Rate-matching around SS/PBCH
In RAN1 #92 meeting [1], UE behaviour on rate-matching around an SS/PBCH was agreed. Specifically, if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources the UE shall assume that PDSCH is rate matched around these PRBs in the OFDM symbols where SS/PBCH block is transmitted [2].

Note that when an SS/PBCH is transmitted in the same OFDM symbol(s) used for the DM-RS for PDSCH in a slot, the UE shall not expect to receive DM-RS in resource elements that overlap those of the SS/PBCH block [2] within the slot. This will result in performance loss if UE keeps receiving PDSCH on the other resource elements in this slot (see the purple elements in Figure 5). Therefore, the UE shall assume that PDSCH is rate matched around these PRBs in all OFDM symbols in the slot where SS/PBCH block is transmitted. By doing so, there is no need to configure a rate-matching resource set. 
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Figure 5 Rate-matching around an SS/PBCH when the SS/PBCH in the same OFDM symbol(s) for DM-RS
Proposal 6: If an SS/PBCH block is transmitted in the same OFDM symbol(s) for the DM-RS for PDSCH, the UE shall assume that PDSCH is rate matched around the PRBs containing SS/PBCH block transmission resources in all OFDM symbols in the slot where SS/PBCH block is transmitted.
3 Conclusion
Proposal 1: For dynamic resource sets configured with a frequency domain resource of a CORESET with CORESET-ID and time domain resource determined by the search-space-sets associated with the CORESET with a CORESET ID, only in the first slot containing the resource sets within the scheduled multiple slots the resource sets are available for the PDSCH.
Proposal 2: RAN1 recommends RAN2 to support optional broadcast rate-matching resource sets in RMSI. To reduce configuration overhead, support

· limitation of the configuration only within the initial active BWP
· configuration of bitmap-1 only
Proposal 3: The broadcast PDSCH shall be rate-matched only around cell-specific rate-matching resource sets.
Proposal 4: Ambiguity between aggregation levels 8 and 16 PDCCH candidates should be treated in all cases when they start from the same CCE. Adopt the TP in Appendix A to TS 38.214.

Proposal 5: For resource set configured with rate-match-PDSCH-bitmap1, -bitmap2, and –bitmap3, the RB/symbol/time unit is available for PDSCH if the corresponding bit value is 1, the RB/symbol/time unit is not available otherwise. Adopt the TP in Appendix B to TS 38.214.

Proposal 6: If an SS/PBCH block is transmitted in the same OFDM symbol(s) for the DM-RS for PDSCH, the UE shall assume that PDSCH is rate matched around the PRBs containing SS/PBCH block transmission resources in all OFDM symbols in the slot where SS/PBCH block is transmitted.
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Appendix A: AL ambiguity in NR
---------------------------------- Start of Text Proposal ---------------------------------
5.1.4.1
PDSCH resource mapping with RB symbol level granularity

< Unchanged parts are omitted >

When monitored aggregation levels 8 and 16 PDCCH candidates are having the same CCE starting position, if the detected PDCCH scheduling the PDSCH has aggregation level 8, the resources corresponding to the aggregation level 16 are not available for PDSCH, otherwise the resources corresponding to detected PDCCH that scheduled the PDSCH are not available for PDSCH.
------------------------------------End of Text Proposal -------------------------------
Appendix B: Interpretation of each bit in bitmap-1/2/3
---------------------------------- Start of Text Proposal ---------------------------------
5.1.4.1
PDSCH resource mapping with RB symbol level granularity

A UE may be configured with any of the higher layer parameters indicating REs declared as not available for PDSCH:

· Resource-set-BWP configuring up to [4] 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 1RB granularity and a symbol level bitmap spanning one or two slots (higher layer parameters rate-match-PDSCH-bitmap2) for which the reserved RBs apply. The RB is available for PDSCH if the corresponding bit value in the rate-match-PDSCH-bitmap1 is 1, and not available otherwise. The symbol is available for PDSCH if the corresponding bit value in the rate-match-PDSCH-bimap2 is 1, and not available otherwise. 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 unit is available for PDSCH if the corresponding bit value in the rate-match-PDSCH-bitmap3 is 1, and not available otherwise. The rate-match-PDSCH-bitmap3 can be {1, 2, 4, 5, 8, 10, 20 or 40} units long, but maximum 40ms. 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).
 < Unchanged parts are omitted >

· 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 numerology µ configured by higher layer parameter resource-pattern-scs.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. The RB is available for PDSCH if the corresponding bit value in the rate-match-PDSCH-bitmap1 is 1, and not available otherwise. The symbol is available for PDSCH if the corresponding bit value in the rate-match-PDSCH-bimap2 is 1, and not available otherwise. 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 unit is available for PDSCH if the corresponding bit value in the rate-match-PDSCH-bitmap3 is 1, and not available otherwise. The rate-match-PDSCH-bitmap3 can be {1, 2, 4, 5, 8, 10, 20 or 40} units long, but maximum 40ms. 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).
< Unchanged parts are omitted >

------------------------------------End of Text Proposal -------------------------------
