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1. Introduction
In previous meetings, working assumptions on RMSI CORESET configurations and RMSI PDCCH monitoring have been made, the related agreement is attached in Appendix. However, collisions between CORESETs and SS blocks are observed under some inappropriate RMSI CORESET configurations. This contribution analyzes the collision issues and discusses some remaining aspects related to RMSI CORESET resource mapping. Some text proposals are further provided for modifying TS 38.213.

Note: This contribution is revised from R1-1800174 submitted in RAN1 AH1801 meeting.
2. Discussion 
2.1 Collision issue
	Agreements in AH3[1]:
· For rate matching purpose

· For UE specific PDSCH and UE specific CORESET
· If the UE has received no bitmap through RRC signalling, the UE assumes SS/PBCH block transmission according to the signalling in RMSI 

· If the UE has received a bitmap through RRC signalling, the UE assumes SS/PBCH block transmission according to the bitmap in RRC based signalling 

· For PDSCH carrying RMSI and the corresponding PDCCH CORESET, the UE assumes that no SS block is transmitted in the allocated resources


According to above agreements, if UE has no RMSI, UE behavior for RMSI PDCCH/PDSCH reception is unclear. From our understanding, when receiving RMSI PDSCH or RMSI PDCCH, a UE shall not assume that any SS/PBCH block is transmitted in REs used by the UE for a reception of RMSI PDSCH or RMSI PDCCH. In other words, there should be no overlaps between RMSI PDCCH/PDSCH and SS blocks. However, based on Table 13-1 through 13-15 in TS 38.213[2], overlaps between SS blocks and CORESETs or overlaps between different CORESETs actually exist under some inappropriate RMSI CORESET configurations, and collision issue may raise. Since UE has no knowledge of actually transmitted SS blocks except the one UE selected, then there may be some ambiguity in identifying the available resources for RMSI PDCCH mapping when a collision happens, these potential confusions will increase PDCCH decoding failures. Hence, it should be further studied how to handle the collision issue.
Overlapping regions, which are determined by RMSI-PDCCH-config and SS block candidate positions, can be classified as follows, and corresponding examples are illustrated in Figure 1, Figure 2 and Figure 3 respectively:

· Scenario1: Overlapping between CORESETs

· Scenario2: Overlapping between CORESET and its associated SS block
· Scenario3: Overlapping between CORESET and other SS blocks
An example of scenario 1 is illustrated in Figure 1, supposing CORESET configuration #10 and PDCCH monitoring configuration #0, under {SS/PBCH block, PDCCH} with subcarrier spacing {120, 60} kHz, are configured at the same time, which refers to SSB/RMSI CORESET multiplexing pattern 2. It is observed that two consecutive CORESETs partially overlap with each other. However, it is usually up to gNB implementation how PDCCH resource of these two CORESETs are mapped on the overlapped symbol#2, and no extra UE behavior need to be specified.
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Figure 1. Scenario 1: Overlapping between two consecutive CORESETs in pattern 2
Table 13-7 in TS 38.213: CORESET configuration #10 for {SS/PBCH block, PDCCH} with subcarrier spacing {120, 60} kHz

	Index
	SS/PBCH block and control resource set multiplexing pattern 
	Number of RBs 
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	10
	2 
	48
	2
	-41 if condition A 

-42 if condition B


Table 13-13 in TS 38.213:  PDCCH monitoring configuration #0 for SSB/CORESET multiplexing pattern 2 with {SS/PBCH block, PDCCH} subcarrier spacing {120, 60} kHz

	Index
	PDCCH monitoring occasions (SFN and slot number)
	First symbol index

(k = 0, 1, … 15)

	0
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As to scenario 2, supposing CORESET configuration #4 and PDCCH monitoring configuration #8, under {SS/PBCH block, PDCCH} with subcarrier spacing {30, 15} kHz, are configured at the same time. RMSI CORESET (refers to CORESET1 in Figure 2) overlaps with resources of its associated SS block (refers to SSB1 in Figure 2) in a certain time duration. In this case, UE should assume RMSI PDCCH is rate matched around the overlapping PRBs since the existence of the associated SSB have already been confirmed through successful detection in the previous step.
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Figure 2. Scenario 2: Overlapping between CORESET and its associated SS block in pattern 1
Table 13-3 in TS 38.213: CORESET configuration #4 for {SS/PBCH block, PDCCH} subcarrier spacing {30, 15} kHz

	Index
	SS/PBCH block and control resource set multiplexing pattern 
	Number of RBs 
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	4
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	48
	3
	2


Table 13-11 in TS 38.213: PDCCH monitoring configuration #8 for SSB/CORESET multiplexing pattern 1 and carrier frequencies smaller than or equal to 6 GHz
	Index
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	Number of search space sets per slot
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	First symbol index

	8
	0
	1
	2
	0


Under some combinations of RMSI CORESET configuration and RMSI PDCCH monitoring configuration, the PBCH-configured RMSI CORESET may overlap with other SS blocks. In this case, there may be ambiguity for UE on whether the potentially collided SS block is actually transmitted before RMSI is successfully decoded. This will result in an incorrect resource allocation assumption of the PDCCH candidates. To be more specific, CORESET configuration #2 and PDCCH monitoring configuration #1, under {SS/PBCH block, PDCCH} with subcarrier spacing {30, 15} kHz, are configured at the same time. As illustrated in Figure 3, a collision between RMSI CORESET (refers to CORESET2 in Figure 3) and other SS blocks (refers to SSB1 in Figure 3) occurs. Even though SSB1 is actually transmitted, UE may still assume that the overlapping region on symbol#2 and #3 is used for CORESET transmission. This raises the probability of unsuccessful PDCCH decoding.
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Figure 3. Scenario 3: Overlapping between CORESET and other SS block in pattern 1
Table 13-3 in TS 38.213: CORESET configuration #2 for {SS/PBCH block, PDCCH} subcarrier spacing {30, 15} kHz with minimum channel bandwidth 5 MHz or 10 MHz
	Index
	SS/PBCH block and control resource set multiplexing pattern 
	Number of RBs 
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Table 13-11 in TS 38.213: PDCCH monitoring configuration #8 for SSB/CORESET multiplexing pattern 1 and carrier frequencies smaller than or equal to 6 GHz
	Index
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	Number of search space sets per slot
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	First symbol index

	1
	0
	2
	1/2
	{0, if 
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Observation 1: Collision between SS block and CORESET exists under some inappropriate RMSI CORESET configurations.
Based on current look-up tables, there may be a plenty of RMSI CORESET configurations which will lead to above collision issues. Those configurations should be allowed from the perspective of network scheduling flexibility, and some additional rules or restrictions need to be introduced. Generally speaking, SS block is essential for conveying RMSI-PDCCH-config, it might be natural to prioritize SS block over concurrent RMSI CORESET transmission regardless of whether the SS block is actually transmitted or not. In other words, resources within RMSI CORESET that partially or fully overlapped with candidate SS block resources are not used for RMSI PDCCH transmission. In this way, the assumptions on resource allocation are aligned between gNB and UE. As to PDCCH scheduling other system information, this restriction is no longer needed, in this stage, UE is aware of the actually transmitted SS/PBCH blocks through RMSI.
As another alternative, those configurations can be considered as error cases for simplicity. A similar discussion for collisions between SS block and symbols reserved for UL and GP raised before, and following agreement is made. A similar restriction can be adopted for dealing with collisions between CORESET and SS block. 

	Conclusion:

· gNB indication of transmitted SS block that partially or fully overlap with TDD GP or UL is considered an error in configuration and no UE behavior needs to be specified 


Proposal 1: For collision between SS block and RMSI CORESET, following alternatives can be taken into account and alt.1 is preferred:
· Alt.1: UE assumes resources within RMSI CORESET that partially or fully overlapped with candidate SS block resources are not used for RMSI PDCCH transmission.

· Alt.2: gNB’s indication of transmitted SS block that partially or fully overlap with RMSI CORESET is considered an error in configuration and no UE behavior needs to be specified.
The corresponding text proposals are provided in Appendix.
2.2. CCE to REG mapping mode and precoding granularity for RMSI CORESET
For RMSI CORESET configuration, some remaining aspects including CCE to REG mapping mode and precoder granularity have not been agreed yet.
With interleaved CCE-to-REG mapping mode, REG bundles composing a PDCCH that scheduling RMSI are well distributed over the CORESET frequency resources, then frequency diversity gain can be achieved which is helpful to PDCCH coverage enhancement. Regarding the potential benefit, interleaving CCE to REG mapping mode should be adopted for RMSI CORESET.
According to previous agreements, there are two options for precoder granularity in frequency domain: 

· Option1: equal to the number of contiguous RBs in the frequency domain within the CORESET;

· Option2: equal to the REG bundle size in the frequency domain; 
In option 1, wideband RS is mapped over the whole CORESET bandwidth and offers some benefits including higher channel estimation accuracy and PDCCH coverage improvement since RS outside PDCCH region can also be used for channel estimation. It may also help reduce the channel estimation burden.  

On the other hand, with a large enough bundle size and precoder cycling, option 2 may also provide comparable channel estimation performance as option 1. Moreover, it works better than option 1 if different search spaces are multiplexed in the same CORESET, where UE-specific precoding can be applied. Therefore, we have a slight preference for option 2[3]. 
Proposal 2: For RMSI CORESET, interleaved CCE-to-REG mapping mode is adopted.
Proposal 3: For CORESET configured by PBCH, the same precoding in the frequency domain is applied within a REG bundle, the size of which is 6 REG.
3. Conclusion

In this contribution, we focus on collision issues between SSB and RMSI CORESET with the following observation and proposals, text proposals for TS 38.213 is further provided.
Proposal 1: For collision between SS block and RMSI CORESET, following alternatives can be taken into account and alt.1 is preferred:
· Alt.1: UE assumes resources within RMSI CORESET that partially or fully overlapped with candidate SS block resources are not used for RMSI PDCCH transmission.

· Alt.2: gNB’s indication of transmitted SS block that partially or fully overlap with RMSI CORESET is considered an error in configuration and no UE behavior needs to be specified.
Proposal 2: For RMSI CORESET, interleaved CCE-to-REG mapping mode is adopted.
Proposal 3: For CORESET configured by PBCH, the same precoding in the frequency domain is applied within a REG bundle, the size of which is 6 REG.
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UE procedure for receiving control information

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG

-
When the procedures are applied for MCG, the terms ‘secondary cell’, ‘secondary cells’ , ‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG respectively.

-
When the procedures are applied for SCG, the terms ‘secondary cell’, ‘secondary cells’, ‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells belonging to the SCG respectively. The term ‘primary cell’ in this clause refers to the PSCell of the SCG.

A UE shall monitor a set of PDCCH candidates in one or more control resource sets on the active DL BWP on each activated serving cell according to corresponding search spaces where monitoring implies decoding each PDCCH candidate according to the monitored DCI formats.

A UE can be configured by higher layer parameter SSB-periodicity-serving-cell a periodicity of half frames for reception of SS/PBCH blocks in a serving cell. 
If UE monitor PDCCH candidates in Type0-PDCCH common search space, a UE is not expected to receive PDCCH in PRBs used by the candidate SS/PBCH blocks as described in Subclause 4.1.
If UE monitor PDCCH candidates in UE-specific search space and if the UE has received SSB-transmitted-SIB1 and has not received SSB-transmitted and if PRBs for a PDCCH reception overlap with PRBs corresponding to SS/PBCH block indexes indicated by SSB-transmitted-SIB1, the UE receives the PDCCH by excluding PRBs corresponding to SS/PBCH block indexes indicated by SSB-transmitted-SIB1. If a UE has received SSB-transmitted and if PRBs for a PDCCH reception overlap with PRBs corresponding to SS/PBCH block indexes indicated by SSB-transmitted, the UE receives the PDCCH by excluding PRBs corresponding to SS/PBCH block indexes indicated by SSB-transmitted.
If UE monitor PDCCH candidates in Type0A-PDCCH common search space, Type1-PDCCH common search space, Type2-PDCCH common search space or Type3 PDCCH common search space, and if the UE has received SSB-transmitted-SIB1, the UE assumes SS/PBCH block transmission according to SSB-transmitted-SIB1, and if the PDCCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources the UE shall assume that PDCCH is rate matched around these PRBs.
Appendix: Agreements

Following agreements are made in RAN1#91 meeting[4]:

Agreements:

· NR supports RMSI CORESET configuration such that the total bandwidth covering that of the SS/PBCH blocks and the initial active DL BWP containing RMSI CORESET when they occur in different time instances is confined within minimum carrier bandwidth

· NR supports RMSI CORESET configuration such that the total bandwidth covering that of the SS/PBCH blocks and the initial active DL BWP containing RMSI CORESET when they occur in the same time instance or different time instances is confined within UE minimum bandwidth 

· Note: the above doesn’t prohibit the case when the SS/PBCH blocks are fully contained within the initial active DL BWP containing RMSI CORESET
Agreements:

· RMSI CORESET configuration supports one-to-one association between one SS/PBCH block and one RMSI in wideband operation

· RAN1 makes decision in this week on whether to support RMSI CORESET configuration with many-to-one association between multiple SS/PBCH blocks and one RMSI in wideband operation

· No RRC impact is expected

Agreements:

· For RMSI CORESET configuration, support the following combinations of different numerologies for SS/PBCH blocks and the RMSI CORESETs in different time instances:

· {SSB SCS, RMSI SCS} = {{15, 30}, {30, 15}, {120, 60}, {240, 60}, {240, 120}} kHz

Agreements:

· Confirm the following working assumption

· (Working assumption) PBCH contents, except the SSB index, should be the same for all SS/PBCH blocks within an SSB burst set for the same centre frequency

· All of the RMSI CORESETs associated the SS/PBCH blocks within an SSB burst set should have the same settings (including time duration) except time-domain location related properties 

· FFS details of the time-domain related properties

Agreements:

· RMSI TTI is 160ms from RAN1 perspective

· Send an LS to RAN2 to inform the above decision – Ren Da (CATT), R1-1721490, which is approved and final LS in R1-1721557
Agreements:

· RMSI PDCCH REG bundle size is 6 PRBs

Agreements:

· When the SS/PBCH blocks and corresponding RMSI CORESETs occur in different time instances,

· The UE assumes that the RMSI CORESET monitoring window corresponding to an SS/PBCH block in the radio frame satisifies the condition mod(SFN,2)=0

· Note: RMSI scheduling periodicity is up to gNB implementation

Agreements:

· When the SS/PBCH blocks and corresponding RMSI CORESETs occur in different time instances,

· Configuration of the RMSI CORESET monitoring window

· The monitoring window is associated with one SS/PBCH block in a burst set 

· monitoring window position, FFS details

· monitoring window duration 2 slots

· FFS The candidate symbol position(s) 

Agreements:

· NR does not support RMSI CORESET configuration with many-to-one association between multiple SS/PBCH blocks and one RMSI in wideband operation.

· In Rel-15, NR does not support RMSI search space sets configuration where the SS/PBCH blocks and corresponding RMSI search space sets occur in the same time instances if the carrier frequency is lower than 6GHz.

Working assumption:

· NR supports RMSI search space sets configuration for the following combinations with the same numerologies of the SS/PBCH block, the RMSI search space sets, and PDSCH, where the SS/PBCH blocks, and corresponding RMSI search space sets and PDSCH occur in the same time instances.

· {SSB SCS, RMSI PDSCH SCS} = {120, 120} kHz

· Two symbols for PDCCH and two symbols for PDSCH.

· Note: This is pattern 3 in the RMSI search space sets configuration table. 

· NR supports RMSI search space sets configuration for the following combinations with different numerologies of the SS/PBCH block and the RMSI PDSCH, when the SS/PBCH blocks and corresponding RMSI PDSCH occur in the same time instances.

· {SSB SCS, RMSI PDSCH SCS} = {120, 60}, {240, 120} kHz 

· Note: This is pattern 2 in the RMSI search space sets configuration table. 

Working assumption:

· For pattern 3, the RMSI CORESET monitoring window associated with the SS/PBCH block SSB_i in a burst set, is defined as follows:

· The starting symbol index R for the RMSI CORESET monitoring window is the same as the starting symbol of the SSB;

· The duration of the monitoring window is 1;

· For pattern 2, the RMSI CORESET monitoring window associated with the SS/PBCH block SSB_i in a burst set, is defined as follows:

· The starting symbol index R for the RMSI CORESET monitoring window occurs earlier than the SSB symbols in the same slot or one slot before;

· The duration of the monitoring window is 1;
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Agreements:

· NR supports RMSI PDCCH aggregation levels of 4 CCEs, 8 CCEs, 16 CCEs.

Working assumption:

· The frequency offset in PRB level between RMSI CORESET and SS/PBCH block in the table is define as the frequency difference from the lowest PRB of RMSI to the lowest PRB of SS/PBCH block

· Note: The offset in subcarrier level between the edge of SS/PBCH block PRB and RMSI CORESET PRB grid is indicated by PRB grid offset (SSB-subcarrier-offset) in PBCH (5 bits for below-6GHz and 4 bits for above-6GHz)

· For each of the following combination of SS/PBCH SCS and RMSI CORESET SCS, the multiplexing patterns between SS/PBCH block and RMSI (CORESET and PDSCH), RMSI CORESET BW, RMSI CORESET duration, and PRB-level offset are jointly coded in a table using 4 bits of RMSI configuration in NR-PBCH.

· {SSB SCS, RMSI SCS} = {15, 15}, {15, 30}, {30, 15}, {30, 30}, {120, 60}, {120,120},{240, 60}, {240, 120}} kHz

· Definition for the multiplexing pattern tables SS/PBCH SCS and RMSI CORESET SCS

· “Pattern 1” refers to the multiplexing pattern that SS/PBCH block and RMSI CORESET occur in different time instances, and SS/PBCH block TX BW and the initial active DL BWP containing RMSI CORESET overlap

· “Pattern 2” refers to the multiplexing pattern that SS/PBCH block and RMSI CORESET occur in different time instances, and SS/PBCH block TX BW and the initial active DL BWP containing RMSI CORESET do not overlap

· “Pattern 3” refers to the multiplexing pattern that SS/PBCH block and RMSI CORESET occur in the same time instance, and SS/PBCH block TX BW and the initial active DL BWP containing RMSI CORESET do not overlap

· Note: The following figure is for information purpose only.
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Working assumption:

· RMSI CORESET starting OFDM symbol and RMSI monitoring window timing Tables  
Working assumption:

· When the SS/PBCH blocks and corresponding RMSI search space sets occur for pattern 1 NR supports the configuration where the RMSI CORESET monitoring window associated with the SS/PBCH block SSB_i in a burst set is defined as follows:

· The RMSI CORESET monitoring window duration with RMSI numerology is 2 slots;

· The first slot index of the monitoring window of SSB_i 

· The first slot index S with RMSI numerology for a monitoring window of SSB_i, with respect to the SFN boundary, is determined by

· S = mod(X*n +  f(i), number of slots per frame in RMSI numerology)

· SFN index: 

· When floor((X*n +  f(i))/(number of slots per frame)) = 0, the SFN to carry the RMSI monitoring window is determined by mod(SFN,2)=0

· When floor((X*n +  f(i))/(number of slots per frame)) = 1, the SFN to carry the RMSI monitoring window is determined by mod(SFN-1,2)=0

· Note that this is an update of the previous agreements: mod(SFN,2)=0 applies to all the CORESETs

· Here:

· n = (RMSI SCS)/(15 kHz)

· X can be configured as {0, 2, 5, 7} when SSB SCS is 15kHz or 30kHz; and configured as {0, 2.5, 5, 7.5} when SSB SCS is 120kHz or 240kHz for pattern 1

·  f(i) = floor(i*M)

· M equals 1/2, if N=2 and X belongs to {0,2,5,7} 

· M = 1, if N=1 and X belongs to {0,2,5,7}

· M = 2, if N=1 and X belongs to {0,5}

· i is the SSB index of SSB_i 

· N is the number of search space sets per slot, which can be configured as {1, 2}

· The starting symbol index R for the RMSI CORESET monitoring window is determined as follows

· when N = 1, R = 0, l={1,2,3}, where l is the CORESET duration

· when N = 2, R is obtained with one of the following options, which will be selected in different use cases:

· R={0,l} for sub6GHz where l={1,[2],[3]} is the CORESET duration

· If SSB index is even, 0; if odd, l
· R={0,7} & {0,l} for over6GHz

· If SSB index is even, 0; if odd, 7

· At least for the 30kHz SSB SCS/15kHz RMSI SCS LTE-NR coexistence case, R = 1, or 2 should be supported

· The number of RMSI search space sets to monitor is at most one per SSB within duration of 14 symbols with RMSI numerology.
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