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1	Introduction
In RAN Plenary meeting #75, a WID on NR was agreed. The work item targets to develop and specify the functionalities for eMBB operation as well as support the URLLC type of operation. In this contribution we discuss about remaining issues on RMSI. More specifically we focus on:
· On collision between SSB locations and PDCCH for RMSI monitoring with multiplexing pattern 1
· RMSI CORESET pattern 2 with the CORESET size=2
· DCI design for PDCCH scheduling PDSCH carrying RMSI

2	On collision between signalled SSB locations and PDCCH for RMSI monitoring with multiplexing pattern 1
[bookmark: _Hlk510727408]
One of the remaining issues to clarify seems to be a potential SSB and PDCCH collision with multiplexing pattern 1 when UE monitors RMSI. It can be noted that for IDLE and CONNECTED mode UE there are different cases:
· UE doing initial cell selection not having obtained SSB-transmitted-SIB1 or SSB-transmitted
· [bookmark: _Hlk510769952]IDLE UE is in without having obtained SSB-transmitted-SIB1 or SSB-transmitted from target cell (e.g. doing re-selection)
· IDLE UE is having SSB-transmitted-SIB1 or SSB-transmitted (state transition from CONNECTED to IDLE)
· CONNECTED UE is having SSB-transmitted-SIB1 or SSB-transmitted

It is noted that in FR2 SSB-transmitted-SIB1 and SSB-transmitted can be different because SSB-transmitted provides SS/PBCH block positions with full resolution whereas SSB-transmitted-SIB1 cannot provide locations with full resolution. In addition, SSB-transmitted is UE specific and can in principle be configured differently for the UEs in the cell. Thus, the consistent solution seems to be that for RMSI monitoring the UE doesn’t make any assumption related to SS/PBCH locations. Proposed text proposal can be found from Annex.  
Proposal: In PDCCH monitoring for RMSI the UE does not take into account SSB-transmitted-SIB1 or SSB-transmitted if configured by higher layers. 

3	RMSI CORESET pattern 2 with =2
3.1	Background
The Type0-PDCCH common search space configuration were developed in RAN1 meeting #90 and further refined in RAN1 NR AH#180-01. Three different multiplexing approaches were introduced, identified as pattern 1, pattern 2 and pattern 3 as illustrated in Figure 1 and defined as in [1]:
· “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

[image: ]
Figure 1. Illustration of RMSI multiplexing patterns.


Based on the current definition, the pattern 2 results placement of search space starting symbols as illustrated in Figure 2, based on the Table 13-13 and 13-14 in [3]. Now it can be seen that in the case when =2 the search space corresponding for SS/PBCH block index i=4k+2 or i=8k+5 (for case {120,60} and {240,12} correspondingly) will exceed over the slot boundary. It is our understanding that such behavior is not allowed/desired by PDCCH design.

[image: ]
[bookmark: _Hlk506402372]Figure 2. Illustration of Type0-PDCCH common search space starting symbol locations when {SS/PBCH block, PDCCH} subcarrier spacing is {120, 60} or {240, 120} kHz.


Observation: SS/PBCH block and control resource set multiplexing pattern 2 with =2 results search space exceeding the slot boundary for i=4k+2 or i=8k+5 for case of {SS/PBCH block, PDCCH} subcarrier spacing {240,12} kHz. 
RAN1#92 made the following agreement for {SSB SCS, PDCCH SCS} = {120, 60} kHz:
	Agreements:
· For {SSB SCS, PDCCH SCS} = {120, 60} kHz, Remove the configurations with [image: ]=2 for pattern 2 in Table 13-7.







[bookmark: _Hlk506532119]Thus, a remaining case is {SSB SCS, PDCCH SCS} = {240, 120} kHz. As discussed in RAN1 NR AH#18-01 [2] with =2 the pattern results also partial overlap between search spaces corresponding to different SS/PBCH block indexes. Also with =2 could not be used if majority of the SS/PBCH blocks are actually sent as there would be collision (e.g. >½ location with 120kHz SS/BPCH block and ¾ for 240kHz). In RAN1 NR AH#18-01, also referred below, two alternative solutions were considered. Either remove the support for =2 (and restrict only to =1) or adjust the starting symbol locations so that the search spaces overlap fully.
3.2	Possible solutions
This issue can be solved in few alternative ways. Most straightforward solution (while not necessarily simplest) would be to allow cases where PDCCH crosses slot boundaries. However this appears not to be currently supported and the search space should be contained in a slot (within 3 symbols). Hence below we consider alternative solutions for this issue.

Simplest solution in context of initial access procedures would be to preclude the =2 for pattern 2. However this would restrict the maximum aggregation level for {SS/PBCH block, PDCCH} subcarrier spacing {240, 120} kHz, where only AL=4 would be achievable. This would have negative impact to the achievable coverage. The maximum aggregation levels are illustrated in Table 1. 

Observation: For case of {SS/PBCH block, PDCCH} subcarrier spacing {240,120} kHz restricting =1 would also limit the maximum aggregation level to 4. 



[bookmark: _Ref506400038]Table 1. Maximum aggregation levels for different  and  combinations.
	{SS/PBCH block, PDCCH} subcarrier spacing
	Number of Symbols

 
	Number of RBs


	Max AL
(with REG=6PRB)

	{240,120}kHz
	1
	24
	4

	
	2
	24
	8




Another option would be to define the start symbol of the search spaces corresponding to two consecutive SS/PBCH block indexes so that it would allow them to overlap. It is good to note that with pattern 1 can be also configured so that the search space locations of different SS/PBCH block indexes overlap. As can be seen from Figure 2, and depicted Figure 3, this would allow configuration with =2 to be used for case of {SS/PBCH block, PDCCH} subcarrier spacing {240,120} kHz, albeit would allow scheduling RMSI corresponding to a particular SS/PBCH block every second occasion (of corresponding SS/BPCH block. 
[image: ]
Figure 3. Illustration of Type0-PDCCH common search space starting symbol locations with overlap for {SS/PBCH block, PDCCH} subcarrier spacing {240, 120} kHz.

Observation: Allowing search spaces to overlap for pattern 2, like discussed in RAN1 NR AH#18-01 [2] would enable use of=2 for the case of {SS/PBCH block, PDCCH} subcarrier spacing {240,120} kHz

One additional approach would be to adjust the SS/PBCH block pattern for 240kHz sub-carrier spacing so that CORESETs with =2 would fit to the start of the slot. In practice this would mean using same SS/PBCH block placement as in two first (240kHz) slots, like depicted in Figure 4. This would remove room for UL control with 60kHz numerology from the end of the (60kHz) slot, leaving only one symbol to the end.
[image: ]
Figure 4. Illustration of modified SS/PBCH block pattern together with the search space starting symbols

Observation: Modifying the SS/PBCH block pattern for 240 kHz sub-carrier spacing combined with overlapping starting symbol locations would enable use of =2 for all cases.

3.3	Preferred solution


On the premises that it would not be preferable to allow PDCCH to cross over the slot boundary, we have considered different solution alternatives in Section 3.2. It would be preferable to support =2 to at least allow reaching aggregation level 8 with pattern 2. Therefore for {240, 120} kHz case, our preference would be to define the starting symbols of the search spaces in overlapping manner as depicted in Figure 3. Proposed text proposal can be found from Annex.

Proposal: Support =2 for pattern 2 with SS/PBCH block, PDCCH} subcarrier spacing {240, 120} kHz by allowing the search spaces corresponding to consecutive SS/PBCH blocks to overlap. 

4	DCI design for PDCCH scheduling PDSCH carrying RMSI
For DCI format used to schedule PDSCH carrying RMSI one feasible starting point could be DCI format used for RAR scheduling. RAN1#92 reached a working assumption as follows:
	Agreements:
· If DCI format 1-0 with RA-RNTI is used to schedule msg 2, the DCI contents as a working assumption  are according to the table below
	Field
	Bits
	Comment

	Identifier for DCI formats
	1
	Reserved

	Frequency domain resource assignment
	[image: ]
	

	Time domain resource assignment
	?
	Use default time allocation table

	VRB-to-PRB mapping
	1
	

	Modulation and coding scheme
	5
	Use MCS table without 256QAM (UE capabilities not yet known)

	New data indicator
	1
	Reserved

	Redundancy version
	2
	Reserved

	HARQ process number
	4
	Reserved

	Downlink assignment index
	2
	Reserved

	TPC command for scheduled PUCCH
	2
	Reserved

	PUCCH resource indicator
	3
	Reserved

	PDSCH-to-HARQ_feedback timing indicator
	3
	Reserved






Similarly for RMSI monitoring it could be defined:
· If DCI format 1-0 with SI-RNTI is used to schedule PDSCH carrying RMSI, the DCI contents are according to the table below
	Field
	Bits
	Comment

	Identifier for DCI formats
	1
	Reserved

	Frequency domain resource assignment
	[image: ]
	
is the size of the initial bandwidth part

	Time domain resource assignment
	X
	Use resource allocation table corresponding to the SS/PBCH block and control resource set multiplexing pattern

	VRB-to-PRB mapping
	1
	

	Modulation and coding scheme
	5
	Use MCS table without 256QAM (UE capabilities not yet known)

	New data indicator
	1
	Reserved

	Redundancy version
	2
	Reserved

	HARQ process number
	4
	Reserved

	Downlink assignment index
	2
	Reserved

	TPC command for scheduled PUCCH
	2
	Reserved

	PUCCH resource indicator
	3
	Reserved

	PDSCH-to-HARQ_feedback timing indicator
	3
	Reserved



Proposal: Adopt described DCI format description to TS 38.212.
Corresponding text proposal can be found in Annex B at the end of the document.

5	Conclusions
In this contribution we have discussed about remaining issues on RMSI. Based on the discussion we have made the following observations and proposals: 
On collision between signalled SSB locations and PDCCH for RMSI monitoring:
Proposal: In PDCCH monitoring for RMSI the UE does not take into account SSB-transmitted-SIB1 or SSB-transmitted if configured by higher layers. 
Corresponding text proposal is provided in Annex A at the end of the document.

RMSI CORESET pattern 2 with =2:

Observation: SS/PBCH block and control resource set multiplexing pattern 2 with =2 results search space exceeding the slot boundary for i=4k+2 or i=8k+5 for case of {SS/PBCH block, PDCCH} subcarrier spacing {240,12} kHz. 

Observation: For case of {SS/PBCH block, PDCCH} subcarrier spacing {240,120} kHz restricting =1 would also limit the maximum aggregation level to 4. 

Observation: Allowing search spaces to overlap for pattern 2, like discussed in RAN1 NR AH#18-01 [2] would enable use of=2 for the case of {SS/PBCH block, PDCCH} subcarrier spacing {240,120} kHz

Observation: Modifying the SS/PBCH block pattern for 240 kHz sub-carrier spacing combined with overlapping starting symbol locations would enable use of =2 for all cases.

Proposal: Support =2 for pattern 2 with SS/PBCH block, PDCCH} subcarrier spacing {240, 120} kHz by allowing the search spaces corresponding to consecutive SS/PBCH blocks to overlap. 
Corresponding text proposal is provided in Annex B at the end of the document.

DCI design for PDCCH scheduling PDSCH carrying RMSI:
Proposal: Adopt described DCI format description to TS 38.212.:
Corresponding text proposal is provided in Annex C at the end of the document.
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Annex A. Text proposal to 38.213 Section 10

========== START of Text Proposal (TS 38.213) =========
[bookmark: _Toc505848935]10	UE procedure for receiving control information

== UNCHANGED TEXT OMITTED ==
[bookmark: _Hlk510770348]For monitoring of a PDCCH candidate 
· If the UE has received SSB-transmitted-SIB1 and has not received SSB-transmitted for a serving cell and if monitoring for PDCCH candidate is not for a Type0-PDCCH common search space at least one RE for monitoring a PDCCH candidate for a DCI format with CRC not scrambled by SI-RNTI on the serving cell overlaps with respective at least one RE corresponding to a SS/PBCH block index provided by SSB-transmitted-SIB1, the UE is not required to monitor the PDCCH candidate.
· If a UE has received SSB-transmitted for a serving cell and if monitoring for PDCCH candidate is not for a Type0-PDCCH common search space and at least one RE for monitoring a PDCCH candidate for a DCI format with CRC not scrambled by SI-RNTI on the serving cell overlaps with respective at least one RE corresponding to a SS/PBCH block index provided by SSB-transmitted, the UE is not required to monitor the PDCCH candidate.
· If the has not received both SSB-transmitted-SIB1 and SSB-transmitted for a serving cell and if the UE monitors the PDCCH candidate for a Type0-PDCCH common search space on the serving cell according to the procedure described in Subclause 13, the UE may assume that no SS/PBCH block is transmitted in REs used for monitoring the PDCCH candidate on the serving cell.

========== END of Text Proposal (TS 38.213) =========

Annex B. Text proposal to 38.213 Section 13

========== START of Text Proposal (TS 38.213) =========
== UNCHANGED TEXT OMITTED ==

Table 13-14: PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH block and control resource set multiplexing pattern 2 and {SS/PBCH block, PDCCH} subcarrier spacing {240, 120} kHz 
	Index
	PDCCH monitoring occasions (SFN and slot number)
	First symbol index
(k = 0, 1, …, 7)

	0
	



 or 
	
For =1, 







0, 1, 2, 3, 0, 1 in , , , , ,   ()



12, 13 in, , ,  ()

	
	
	
For =2, 






0, 0, 2, 2, 0, 0 in , , , , ,   ( )


12, 12 in , , ( )

	1
	Reserved

	2
	Reserved

	3
	Reserved

	4
	Reserved

	5
	Reserved

	6
	Reserved

	7
	Reserved

	8
	Reserved

	9
	Reserved

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved




========== END of Text Proposal (TS 38.213) =========

Annex C. Text proposal to 38.212 Section 7


========== START of Text Proposal (TS 38.212) =========
7.3.1.2	DCI formats for scheduling of PDSCH 
7.3.1.2.1	Format 1_0

== UNCHANGED TEXT OMITTED ==
The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by SI-RNTI:
-	Identifier for DCI formats – 1 bit, reserved

-	Frequency domain resource assignment – bits

-	 is the size of the initial bandwidth part
-	Time domain resource assignment – X bits as defined in Subclause 5.1.2.1 of [6, TS38.214]
-	VRB-to-PRB mapping – 1 bit
-	Modulation and coding scheme – 5 bits as defined in Subclause 5.1.3 of [6, TS38.214], using Table 5.1.3.1-1
-	New data indicator – 1 bit, reserved
-	Redundancy version – 2 bits, reserved
-	HARQ process number – 4 bits, reserved
-	Downlink assignment index – 2 bits, reserved
-	TPC command for scheduled PUCCH – 2 bits, reserved
-	PUCCH resource indicator – 3 bits, reserved
-	PDSCH-to-HARQ_feedback timing indicator – 3 bits, reserved

========== END of Text Proposal (TS 38.212) =========
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