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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK48][bookmark: OLE_LINK87]Efforts have been made during previous meetings to finalize the configuration of rate-matching resource sets. However, to our understanding, there remain few open issues that need further discussion. In this contribution, we share our point of views on such remaining issues.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Discussion
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. This will significantly reduce the reliability of PDCCH transmission.
In the following, we provide simulation results to show the performance loss when such ambiguity happens. Take the following Table 1 as an example. Assume that DCI payload size equals 40 bits and 4 CCEs are overlapped between aggregation levels 8 and 16 PDCCH candidates. Take the SNR achieving 10-5 BLER as the working point for PDCCH (e.g., URLLC case).
It can be observed that 
1) At the working point SNR = -8 dB for aggregation level 8 PDCCH, if the PDCCH is decoded using aggregation level 16 then the BLER will be 0.99997 and equivalently the false alarm probability will be 0.003%;
2) At the working point SNR = -11 dB for aggregation level 16 PDCCH, if the PDCCH is decoded using aggregation level 8 then the BLER will be 0.99990 and equivalently the false alarm probability will be 0.01%.
As a result, when aggregation level 8 URLLC PDCCH is transmitted but successfully decoded using aggregation level 16, the PDSCH will be rate-matched around the aggregation level 16 PDCCH candidate. This results in an increased PDSCH BLER as 3×10-5, which is higher than the URLLC PDSCH BLER target 10-5. 
Table 1
	SNR
	BLER (DCI payload 40 bits)

	
	AL8 encoder
AL8 decoder
	AL16 encoder
AL16 decoder
	AL8 encoder
4 CCEs overlapped
AL16 decoder
	AL16 encoder
4 CCEs overlapped
AL8 decoder

	-14
	0.94491
	0.12805
	1.00000
	1.00000

	-13
	0.75074
	0.00938
	1.00000
	1.00000

	-12
	0.36881
	0.00014
	1.00000
	0.99999

	-11
	0.07574
	0.00000
	1.00000
	0.99990

	-10
	0.00454
	0.00000
	1.00000
	0.99919

	-9
	0.00006
	0.00000
	1.00000
	0.99439

	-8
	0.00000
	0.00000
	0.99997
	0.97065

	-7
	0.00000
	0.00000
	0.99984
	0.88842

	-6
	0.00000
	0.00000
	0.99920
	0.70117

	-5
	0.00000
	0.00000
	0.99663
	0.43016

	-4
	0.00000
	0.00000
	0.98833
	0.18886

	-3
	0.00000
	0.00000
	0.96678
	0.05700



The above analyses are based on the ideal case where perfect SNR is known at gNB side. In the following, we will show that with imperfect SNR at the gNB side, the ambiguity will cause significant performance loss even for eMBB traffic.
Note that the imperfect SNR is usually obtained at the gNB side because 
· the estimated error caused by the low CSI-RS density and/or the latency of CSI feedback; 
· the interference difference on CSI-RS and PDCCH.
Thus, the gNB tends to transmit the PDCCH using relatively higher aggregation level. For example, if the calculated number of CCEs is 9 according the SNR and DCI payload size, then the gNB prefers to transmit the PDCCH using aggregation 16 instead of aggregation level 8. This will result in higher received SNR at UE side than the working point and therefore a quantization performance gap around 3 dB between two adjacent aggregation levels. 
Assume that 3 dB SNR gap and 3 dB quantization gap. Take the SNR achieving 10-2 BLER as the working point for PDCCH (e.g., eMBB case). 
1) Aggregation level 8 may be used under SNR = -4 dB (i.e., -10 + 6). If the PDCCH is decoded using aggregation level 16 then the BLER will be 0.98833 and equivalently the false alarm probability will be 1.2%;
2) Aggregation level 16 may be used under SNR = -7 dB (i.e., -13 + 6). If the PDCCH is decoded using aggregation level 8 then the BLER will be 0.98833 and equivalently the false alarm probability will be 11%.
As a result, when aggregation level 8 eMBB PDCCH is transmitted but successfully decoded using aggregation level 16, the PDSCH will be rate-matched around the aggregation level 16 PDCCH candidate. This will result in the increased PDSCH BLER to 1.2%, which is higher than the eMBB PDSCH BLER target 10-2. The scenario will be worse when aggregation 16 eMBB PDCCH is transmitted but successfully decoded using aggregation level 8.
In summary, such ambiguity also happens in some more general cases. Therefore, we propose to treat the AL ambiguity 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 1: 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.
ECP PDSCH rate-matching around SS/PBCH block 
If a BWP is configured with NCP, the UE may assume that the complex-valued symbols corresponding to resource elements that are part of common resource block partially or fully overlapping with an SS/PBCH block and not used for SS/PBCH transmission are set to zero in the OFDM symbols where SS/PBCH block is transmitted, i.e. UE rate matching around those REs.
[image: ]
[bookmark: _Ref510621871]Figure 1 SSB with 30 kHz NCP multiplexing with 60 kHz ECP
In current 38.211 specification, PDSCH is rate matched around SS/PBCH block. For the time-domain, PDSCH in the OFDM symbols where SS/PBCH block is transmitted is rate matched. For PDSCH with ECP, due to symbol non-alignment between NCP and ECP symbol, it should be clarified that if an ECP symbol is partially or fully overlapping with SS/PBCH symbols, PDSCH in the ECP symbol is rate matched.
We thus have the following proposal and the corresponding TP in Appendix B.
[bookmark: OLE_LINK25]Proposal 2: For PRBs partially or fully overlapping with an SS/PBCH block, PDSCH is rate matched around these PRBs in ECP symbols that are partially or fully overlapping with symbols of the SS/PBCH block. 
Draft CR for DCI field interpretation TS 38.212
In TS 38.212, it is specified that the number of bits in DCI field “Rate matching indicator” in DCI format 1_1 is determined according to higher layer parameter rateMatchPattern, i.e., 
-	Rate matching indicator – 0, 1, or 2 bits according to higher layer parameter rateMatchPattern.
However, as per the following agreement and the description in TS 38.331, the number of bits in this DCI field is determined by higher layer parameters rateMatchPatternGroup1 and rateMatchPatternGroup2. Additionally, the two bits in this DCI field are to indicate the availabilities of rateMatchPatternGroup1 and rateMatchPatternGroup2 respectively.
RAN1 #91 agreements:
· For L1 signalling, NR supports 1 bit turns a group of resource-sets on and off, where 1bit is signalled per each group of resource sets 
· At most 2 groups of resource sets can be configured to a UE. The grouping is configured per BWP
PDSCH-Config information element
-- ASN1START
-- TAG-PDSCH-CONFIG-START

PDSCH-Config ::= 						SEQUENCE {
	dataScramblingIdentityPDSCH				INTEGER (0..1023)														OPTIONAL,
	dmrs-DownlinkForPDSCH-MappingTypeA		SetupRelease { DMRS-DownlinkConfig }									OPTIONAL,	-- Need M
	dmrs-DownlinkForPDSCH-MappingTypeB		SetupRelease { DMRS-DownlinkConfig } 									OPTIONAL,	-- Need M

	tci-StatesToAddModList					SEQUENCE (SIZE(1..maxNrofTCI-States)) OF TCI-State						OPTIONAL,	-- Need N
	tci-StatesToReleaseList					SEQUENCE (SIZE(1..maxNrofTCI-States)) OF TCI-StateId					OPTIONAL,	-- Need N
	vrb-ToPRB-Interleaver					ENUMERATED {n2, n4}														OPTIONAL, 	-- Need S
	resourceAllocation						ENUMERATED { resourceAllocationType0, resourceAllocationType1, dynamicSwitch},
	pdsch-TimeDomainAllocationList			SetupRelease { PDSCH-TimeDomainResourceAllocationList }					OPTIONAL,	-- Need M
	pdsch-AggregationFactor					ENUMERATED { n2, n4, n8 }												OPTIONAL,	-- Need S
	rateMatchPatternToAddModList			SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPattern		OPTIONAL, 	-- Need N
	rateMatchPatternToReleaseList			SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPatternId		OPTIONAL, 	-- Need N
	rateMatchPatternGroup1					RateMatchPatternGroup		OPTIONAL, 	-- Need R
	rateMatchPatternGroup2					RateMatchPatternGroup		OPTIONAL, 	-- Need R

	rbg-Size								ENUMERATED {config1, config2},
	mcs-Table								ENUMERATED {qam256, spare1}										OPTIONAL,	-- Need S
	maxNrofCodeWordsScheduledByDCI			ENUMERATED {n1, n2}														OPTIONAL, 	-- Need R

	prb-BundlingType						CHOICE {
		staticBundling							SEQUENCE {
			bundleSize								ENUMERATED { n4, wideband }										OPTIONAL		-- Need S
		},
		dynamicBundling 						SEQUENCE {
			bundleSizeSet1							ENUMERATED { n4, wideband, n2-wideband, n4-wideband }			OPTIONAL,	-- Need S
			bundleSizeSet2							ENUMERATED { n4, wideband }										OPTIONAL		-- Need S
		}
	},
	zp-CSI-RS-ResourceToAddModList					SEQUENCE (SIZE (1..maxNrofZP-CSI-RS-Resources)) OF ZP-CSI-RS-Resource		  OPTIONAL, -- Need N
	zp-CSI-RS-ResourceToReleaseList					SEQUENCE (SIZE (1..maxNrofZP-CSI-RS-Resources)) OF ZP-CSI-RS-ResourceId		  OPTIONAL, -- Need N
	aperiodic-ZP-CSI-RS-ResourceSetsToAddModList 	SEQUENCE (SIZE (1..maxNrofZP-CSI-RS-ResourceSets)) OF ZP-CSI-RS-ResourceSet	  OPTIONAL, -- Need N
	aperiodic-ZP-CSI-RS-ResourceSetsToReleaseList	SEQUENCE (SIZE (1..maxNrofZP-CSI-RS-ResourceSets)) OF ZP-CSI-RS-ResourceSetId OPTIONAL,
																																		-- Need N
	sp-ZP-CSI-RS-ResourceSetsToAddModList	SEQUENCE (SIZE (1..maxNrofZP-CSI-RS-ResourceSets)) OF ZP-CSI-RS-ResourceSet			  OPTIONAL,	-- Need N
	sp-ZP-CSI-RS-ResourceSetsToReleaseList	SEQUENCE (SIZE (1..maxNrofZP-CSI-RS-ResourceSets)) OF ZP-CSI-RS-ResourceSetId		  OPTIONAL,	-- Need N
	p-ZP-CSI-RS-ResourceSet					SetupRelease { ZP-CSI-RS-ResourceSet }												  OPTIONAL,	-- Need M
	...
}
RateMatchPatternGroup ::=				SEQUENCE (SIZE (1..maxNrofRateMatchPatternsPerGroup)) OF CHOICE {	cellLevel								RateMatchPatternId,
	bwpLevel								RateMatchPatternId
}

-- TAG-PDSCH-CONFIG-STOP
-- ASN1STOP
Therefore, we have the following proposal and the corresponding draft CR in Appendix C.
Proposal 3: Revise the specification on DCI field “Rate matching indicator” as
-	Rate matching indicator – 0, 1, or 2 bits according to higher layer parameters rateMatchPatternGroup1 and rateMatchPatternGroup2.
[bookmark: _Ref129681832]Conclusion
Proposal 1: 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 2: For PRBs partially or fully overlapping with an SS/PBCH block, PDSCH is rate matched around these PRBs in ECP symbols that are partially or fully overlapping with symbols of the SS/PBCH block 
Proposal 3: Revise the specification on DCI field “Rate matching indicator” as
-	Rate matching indicator – 0, 1, or 2 bits according to higher layer parameters rateMatchPatternGroup1 and rateMatchPatternGroup2.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: _Ref502940052]3GPP, “Final report of 3GPP TSG RAN WG1 #92 v0.2.0”, Athens, Greece, Feb 26th – Mar 2nd, 2018.


Appendix A: TP for AL ambiguity in NR (TS 38.214 v.f20)
---------------------------------- Start of Text Proposal ---------------------------------
[bookmark: _Toc501048169]5.1.4.1	PDSCH resource mapping with RB symbol level granularity
< Unchanged parts are omitted >
[bookmark: _GoBack]When monitored aggregation levels 8 and 16 PDCCH candidates in non-interleaved CORESET spanning one OFDM symbol 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: TP for rate matching around SS block (TS 38.214 v.f20)
--------------------------------------- Start of Text Proposal ----------------------------------------------
[bookmark: _Toc516767386]7.4.3.1	Time-frequency structure of an SS/PBCH block
< Unchanged parts are omitted >
[bookmark: _Hlk508608444][bookmark: _Hlk508608015]The UE may assume that the complex-valued symbols corresponding to resource elements that are part of a common resource block partially or fully overlapping with an SS/PBCH block and not used for SS/PBCH transmission are set to zero in the OFDM symbols that partially or fully overlapping with OFDM symbols where SS/PBCH is transmitted.  where SS/PBCH block is transmitted.

< Unchanged parts are omitted >
--------------------------------------------- End of Text Proposal --------------------------------------------


Appendix C: Draft CR for DCI interpretation (TS 38.212 v.f20)
---------------------------------- Start of Text Proposal ---------------------------------
7.3.1.2.2	Format 1_1
DCI format 1_1 is used for the scheduling of PDSCH in one cell. 
The following information is transmitted by means of the DCI format 1_1 with CRC scrambled by C-RNTI or CS-RNTI or new-RNTI
< Unchanged parts are omitted >
· Rate matching indicator – 0, 1, or 2 bits according to higher layer parameters rateMatchPatternGroup1 and rateMatchPatternGroup2.
< Unchanged parts are omitted >
------------------------------------End of Text Proposal -------------------------------
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