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1. Introduction & Background
In RAN Plenary #79 meeting, RAN1 & RAN2 specifications were frozen for the early drop. We found some misalignments if we strictly follow what RAN1 agrees and what RAN2 captures. Such misalignments may result in some configuration limitations. In this contribution, we point out the misalignments, and propose to clarify in RAN2 specification.
2. Discussion
2.1. RMSI CORESET#0 and Common search space#0 in RAN1

The RMSI coreset#0 and common search space#0 are captured in TS 38.213[1] chapter 13. Generally, the SSB and RMSI CORESET can be TDMed or FDMed, derived by pdcch-ConfigSIB1 as indicated by RAN1. 

According to RAN1 procedure description, When the SSB and RMSI are TDMed, the periodicity of monitoring the PDCCH occasion is 20ms fixed. With the coreset pattern1, the monitoring window lasts for 2 consecutive slots (as green part caputred in 38.213), and the possible start symbol in a slot may occur at symbol 0/1/2/3/7, the PDCCH occasion may last 1, 2 or 3 sysmbols. 
For the SS/PBCH block and control resource set (CORESET) multiplexing pattern 1, a UE monitors PDCCH in the Type0-PDCCH common search space over two consecutive slots starting from slot
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.
We take some SSB/RMSI CORESET combinations calculated as examples, and the common search space is denoted as Cx corresponding to the SSBx PDCCH monitor occassion, depicted as following Figure 1 to Figure 3.
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Situation 1 corresponds to the index 1 of table 13-11 in 38.213

Situation 2 corresponds to the index 0 of table 13-11 in 38.213

Situation 3 corresponds to the index 8 of table 13-11 in 38.213

Situation 4 corresponds to the index 1 of table 13-11 in 38.213

Situation 5 corresponds to part index 0 of table 13-11 in 38.213

Situation 6 corresponds to part index 10 of table 13-11 in 38.213

Situation 7 corresponds to index 8 of table 13-11 in 38.213

Situation 8 corresponds to index 1 of table 13-12 in 38.213
Situation 9 corresponds to index 0 of table 13-12 in 38.213

Situation 10 corresponds to index 12 of table 13-12 in 38.213

Table 13-11: Parameters for PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH block and control resource set multiplexing pattern 1 and frequency range 1
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Table 13-12: Parameters for PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH block and control resource set multiplexing pattern 1 and frequency range 2
	Index
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	Number of search space sets per slot
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	First symbol index
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 is even}, {7, if [image: image13.wmf]i

 is odd}

	12
	0
	1
	2
	0


When the SSB and RMSI are FDMed, the periodictiy of monitoring the PDCCH occasion is the same as that of SSB as captured below, which could be 5/10/20/40/80/160ms. The FDMed RMSI will use a pattern 2 and 3 CORESET, and the common search space is over one slot. The starting symbol is associated to the SSB. But PDCCH occasion may last several symbols according to different PBCH/RMSI numerologies as shown in table below.

	PBCH/RMSI
	symbol

	120/120
	2

	120/60
	1

	240/120
	1 or [2]


For the SS/PBCH block and control resource set multiplexing patterns 2 and 3, a UE monitors PDCCH in the Type0-PDCCH common search space over one slot with Type0-PDCCH common search space periodicity equal to the periodicity of SS/PBCH block.
We take some SSB/RMSI CORESET combinations calculated as examples for the FDMed pattern, and the common search space is denoed as Cx corresponding to the SSBx PDCCH monitor occassion, dipicted as follow Figure 4.

[image: image41.png]SSB 120K CORESET 60K
o[ i]2[3]a[s e 7 [s [ [ioliils s[5 [7 oo [olui]se[ta[o |1 2 [3]a s [e [ [s [s Juo[i[relialo [ 2[5 a e [ 7 Lo [s [ro[ral EENE0NDRDNEED

o[ 2[5 a e 67 [s s [u[ulzo] 1]z
SSB (120K SSBL S5B2 S5B4 SSBS SSB6 SSB8 SSBY SSB10 SsB12
"2 5 als [l [s[s wluliuliuls

0| 12345 |67 |6 [0 [12]13]0]1|2][3]a]s |67 |8 o] t][1[iz]1s]o

CORESET (60K)

situationd
2 [ SSBL c1 |
Ez 3382 C2
B o
e 53B4¢ [

situationd
N=1 M=1 e SSEL c1 |

k2 SSB2_ C2
situationl0
N=1l=2 e SSBL c1 le2 SsB2 €2





[image: image14]
Situation 11 corresponds to the highlight part index 0 of table 13-13 in 38.213
Situation 12 corresponds to the highlight part index 0 of table 13-14 in 38.213

Situation 13 corresponds to the highlight part index 0 of table 13-15 in 38.213

able 13-13: 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 {120, 60} kHz 
	Index
	PDCCH monitoring occasions (SFN and slot number)
	First symbol index
(k = 0, 1, … 15)
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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)
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Table 13-15: PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH block and control resource set multiplexing pattern 3 and {SS/PBCH block, PDCCH} subcarrier spacing {120, 120} kHz 
	Index
	PDCCH monitoring occasions (SFN and slot number)
	First symbol index
(k = 0, 1, … 15)
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It can be inferred from all above, no matter it is TDMed case or FDMed case, the PDCCH monitor occasion, i.e. the common search space in MIB is associated with each SSB. The starting slot/symbol, has a certain relationship with the corresponding SSB. The pattern and the periodicity can be derived from MIB. The absolute timing varies according to different SSB beams. That is to say, the MIB includes all the possible CSS configuration for each beam in the cell. 

Observation 1: The common search space in MIB is associated with each SSB, and MIB includes all the possible CSS configuration for each beam in the cell.

Observation 2: When the SSB and RMSI CORESET are TDMed, the periodicity of monitoring the PDCCH occasion is 20ms fixed, and UE monitors PDCCH in the Type0-PDCCH common search space over two consecutive slots.

Observation 3: When the SSB and RMSI CORESET are FDMed, the periodictiy of monitoring the PDCCH occasion is the same as the periodicity of SSB, which could be 5/10/20/40/80/160ms.
In RAN1 previous meeting, they agreed that UE specific search space ID#0 to be mapped to the one configured by PBCH as highlighted below, i.e., same as MIB.

Agreements:
· CORESET ID of the CORESET configured by PBCH is 0.

· Search space ID of the search space configured by PBCH is 0.

Agreements:

· A UE can be configured with a search space configuration by UE-specific RRC signaling which includes following:
· CORESET ID (range: 0-11, to indicate which CORESET the search space is mapped to)

· The search space can be associated with any CORESET configuration

· When the CORSET ID is UE-specifically configured to be 0, it is mapped to the one configured by PBCH

· Search space ID (range: 0-39)

· When the search space ID is UE-specifically configured to be 0, it is mapped to the one configured by PBCH
Observation 4: RAN1 intention is that UE specific CORESET ID#0 and search space ID#0 are the same as the one in PBCH.
2.2. RMSI CORESET#0 and Common search space#0 in RAN2

In RAN2 38.331 spec, MIB configures the PDCCH-configSIB1 for the RMSI config with a 8-bit integer, which cover all RAN1 RMSI coreset and CSS in TS 38.213.


-- Determines a bandwidth for PDCCH/SIB, a common ControlResourceSet (CORESET) a common search space and necessary PDCCH parameters.


-- Corresponds to L1 parameter 'RMSI-PDCCH-Config' (see FFS_Specification, section FFS_Section)


pdcch-ConfigSIB1




INTEGER (0..255), 

However, there are several issues considering the common search space in RAN2 spec. According to R1-1801276 and R1-1803521, the following parameters were captured in 38.331

	New
	Monitoring-offset-PDCCH-slot
	l For PDCCH monitoring occasion of 1-slot, 2-slot, [5-slot], [10-slot], and [20-slot],
Ø Slot-level offset value for PDCCH monitoring occasion is also supported.
² For N-slot monitoring occasion, the offset is one from [0, N-1].
	[0, 1, …,  N-1] for Monitoring-periodicity-PDCCH-slot = N
	NA
	UE specific
	38.331
	　

	New
	Montoring-periodicity-PDCCH-slot
	　
	Updated based on Agreement
	NA
	UE specific
	38.331
	• For a search space configuration, monitoring periodicity of slot(s) is updated as follows:
o For all SCS, {1, 2, 4, 5, 8, 10, 16, 20} slots
§ For INT-RNTI, a subset of {1,2,4} slots is applied
o FFS: the case when concatenated semi-static DL/UL assignments is configured

	New
	Montoring-symbols-PDCCH-within-slot
	　
	bitmap(14 bits)
	NA
	UE specific
	38.331
	　


And they were captured as following in SearchSpace

-- ASN1START

-- TAG-PDCCH-CONFIGCOMMON-START

PDCCH-ConfigCommon ::=




SEQUENCE {


-- A list of common control resource sets. Only CORESETs with ControlResourceSetId = 0 or 1 are allowed. The CORESET#0 


-- corresponds to the CORESET configured in MIB (see pdcch-ConfigSIB1) and is used to provide that information to the UE


-- by dedicated signalling during handover and (P)SCell addition. The CORESET#1 may be configured an used for RAR 


-- (see ra-ControlResourceSet).


commonControlResourcesSets




SEQUENCE (SIZE(1..2)) OF ControlResourceSet






OPTIONAL, 
-- Need R


-- A list of additional common search spaces.


commonSearchSpaces






SEQUENCE (SIZE(1..4)) OF SearchSpace







OPTIONAL,
-- Need R


-- ID of the search space for SIB1 message.


-- Corresponds to L1 parameter 'rmsi-SearchSpace' (see 38.213, section 10)

searchSpaceSIB1







SearchSpaceId













OPTIONAL,
-- Need R


-- ID of the Search space for other system information, i.e., SIB2 and beyond. 


-- Corresponds to L1 parameter 'osi-SearchSpace' (see 38.213, section 10)


-- If the field is absent, the monitoring occasions are derived as described in 38.213, section 10.1 and section 13.


searchSpaceOtherSystemInformation


SearchSpaceId













OPTIONAL,
-- Need R


-- ID of the Search space for paging. Corresponds to L1 parameter 'paging-SearchSpace' (see 38.213, section 10)


-- If the field is absent, the monitoring occasions are derived as described in 38.213, section 10.1 and section 13.


pagingSearchSpace






SearchSpaceId













OPTIONAL, 
-- Need R


-- CORESET configured for random access. When the field is absent the UE uses the CORESET according to pdcch-ConfigSIB1


-- which is associated with ControlResourceSetId = 0.


-- Corresponds to L1 parameter 'rach-coreset-configuration' (see 38.211?, section FFS_Section)


ra-ControlResourceSet




ControlResourceSetId















OPTIONAL, 
-- Need S


-- ID of the Search space for random access procedure. Corresponds to L1 parameter 'ra-SearchSpace' (see 38.214?, section FFS_Section)


-- If the field is absent, the monitoring occasions are derived as described in 38.213, section 10.1 and section 13.


ra-SearchSpace






SearchSpaceId
















OPTIONAL, 
-- Need R


...

}

-- TAG-PDCCH-CONFIGCOMMON-STOP

-- ASN1STOP

-- ASN1START

-- TAG-SEARCHSPACE-START

SearchSpace ::= 





SEQUENCE {


-- Identity of the search space. SearchSpaceId = 0 identifies the SearchSpace configured via PBCH (MIB) or ServingCellConfigCommon.

-- The searchSpaceId is unique among the BWPs of a Serving Cell. 


searchSpaceId






SearchSpaceId,


-- The CORESET applicable for this SearchSpace. 


-- Value 0 identifies the common CORESET configured in MIB and in ServingCellConfigCommon


-- Values 1..maxNrofControlResourceSets-1 identify CORESETs configured by dedicated signalling


controlResourceSetId




ControlResourceSetId













OPTIONAL, 
-- Cond SetupOnly


-- Slots for PDCCH Monitoring configured as periodicity and offset. Corresponds to L1 parameters 'Montoring-periodicity-PDCCH-slot' and 


-- 'Montoring-offset-PDCCH-slot' (see 38.213, section 10)


monitoringSlotPeriodicityAndOffset

CHOICE {



sl1









NULL, 



sl2









INTEGER (0..1), 



sl4









INTEGER (0..3), 



sl5 








INTEGER (0..4),



sl8









INTEGER (0..7), 



sl10 








INTEGER (0..9),



sl16 








INTEGER (0..15),



sl20 








INTEGER (0..19)


}




























OPTIONAL,
-- Cond Setup


-- Symbols for PDCCH monitoring in the slots configured for PDCCH monitoring (see monitoringSlotPeriodicityAndOffset).


-- The most significant (left) bit represents the first OFDM in a slot. The least significant (right) bit represents the last symbol. 


-- Corresponds to L1 parameter 'Montoring-symbols-PDCCH-within-slot' (see 38.213, section 10)


monitoringSymbolsWithinSlot




BIT STRING (SIZE (14))












OPTIONAL, 
-- Cond Setup

-- Number of PDCCH candidates per aggregation level. Corresponds to L1 parameter 'Aggregation-level-1' to 'Aggregation-level-8'.


-- The number of candidates and aggregation levels configured here applies to all formats unless a particular value is specified or


-- a format-specific value is provided (see inside searchSpaceType). 


-- (see 38.213, section 10)


nrofCandidates






SEQUENCE {



aggregationLevel1





ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},



aggregationLevel2





ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},



aggregationLevel4





ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},



aggregationLevel8





ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},



aggregationLevel16





ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8}


}




























OPTIONAL,
-- Cond Setup

….omit 
-- TAG-SEARCHSPACE-STOP

-- ASN1STOP

But in SIB1 or during handover/PSCell change procedure, it will infer to the common search space used in the UE specific signalling. 

SIB1( PDCCH-ConfigCommon ( searchSpaceSIB1( SearchSpace
ServingCellConfigCommon(initialDownlinkBWP(BWP-DownlinkCommon)(pdcch-ConfigCommon( searchSpaceSIB1( SearchSpace
From the above, the UE specific common search space has a periodicity of 1/2/4/5/8/10/16/20 slot(s) with the unit slot which has correlation to the current numerology, while the RMSI CSS periodicity is 20ms (TDM) or the same as the SSB periodicity i.e. 5/10/20/40/80/160ms. The field description says that SearchSpaceId = 0 identifies the SearchSpace configured via PBCH (MIB) or ServingCellConfigCommon. Deifinitely the UE CSS IE seach space cannot cover the RMSI CSS from periodicity point of view, neither the “two consecutive slots” can be configured. Bit string for the symbol can provide enough flexibility to the symbol mapping.
Observation 5: UE specific common search space has a periodicity of 1/2/4/5/8/10/16/20 slot(s), while the RMSI CSS periodicity is 20ms (TDM) or the same as the SSB periodicity (FDM) i.e. 5/10/20/40/80/160ms. UE CSS IE seach space cannot cover all the RMSI CSS at least from periodicity point of view
What’s more, RMSI CSS is associated with each SSB index, however, the search space IE can only be configured with one type CSS which can only map to one SSB index at a time, thus will lead to three cases :

Case 1 : 

CSS#0 info in MIB represents all the possible CSS for each beam, while the searchspaceSIB1 cannot convey all possibilities, the network will not configure the searchspaceSIB1 in PDCCH-ConfigCommon, otherwise UE would not know which one to follow.

Case 2 :

For the initial BWP configuration, RAN2 has the following agreement :
Initial BWP configuration as provided in system information should be the same as the common configuration of the Initial BWP configuration provided in RRC connected provided at synchronous reconfiguration.

Similar issue as in SIB1, CSS#0 provided by PDCCH-ConfigCommon in BWP configuration may not be same as the one in MIB.
Case 3 :  

During handover, dedicate signalling may tell UE to use the configured CORESET#0 and CORESET#1 in PDCCH-ConfigCommon, in which CSS for RACH is in CORESET#1. RAN1 captures the following in 38.213

If a UE is not provided higher layer parameter ra-SearchSpace for Type1-PDCCH common search space, the association between monitoring occasions for Type1-PDCCH common search space and the SS/PBCH block index is the same as the association of monitoring occasions for Type0-PDCCH common search space as described in Subclause 13.
That is to say, during the RACH to target cell, ra-SearchSpace or CSS#0 will be used for the RAR, while CSS#0 may be different from the MIB in target cell. However, UE will use the dedicated configured CSS and assume network will use the configured one rather than the one in target cell MIB. This may work but the limitation is that network can only use one SSB index related CSS when handling the handover. It seems not very efficient, especially considering that network can configure several RACH resources associated with diffrent beams. One may argue that network can configure the CSS periodicity as one slot in every case, with every possbile symbols for all configured beams. It can work, but resulting in more UE power comsuption for more blind detection. After handover, the UE will then read the MIB and use the CSS configured by broadcasted MIB.
There are basically two ways to solve this

Option1: Leave as it is, RAN2 clarify that CSS#0 may not be the same as in MIB and change the corresponding field description, network will configure the UE to work properly, though not so efficient

Option2: Introduce the corresponding periodicity for the CSS in dedicated signaling, or pdcch-ConfigSIB1 may be included in dedicated signaling.

Proposal 1: Due to the misalignment of CSS#0 in MIB and dedicated signalling, RAN2 to discuss the potential following two approaches

· Option1: Leave as it is, RAN2 clarify that CSS#0 may not be the same as in MIB and change the corresponding field description, network will configure the UE to work properly, though not so efficient

· Option2: Introduce the corresponding periodicity for the CSS in dedicated signaling, or pdcch-ConfigSIB1 may be included in dedicated signaling.

3. Conclusion

In this contribution, we mainly discussed the CSS issue in MIB and dedicated signaling. After analysis of CSS configured in MIB and the one captured in RRC signaling, we found the following observation

Observation 1: The common search space in MIB is associated with each SSB, and MIB includes all the possible CSS configuration for each beam in the cell.
Observation 2: When the SSB and RMSI are TDMed, the periodicity of monitoring the PDCCH occasion is 20ms fixed, and UE monitors PDCCH in the Type0-PDCCH common search space over two consecutive slots.
Observation 3: When the SSB and RMSI are FDMed, the periodictiy of monitoring the PDCCH occasion is the same as the periodicity of SSB, which could be 5/10/20/40/80/160ms.
Observation 4: RAN1 intention is that UE specific CORESET ID#0 and search space ID#0 are the same as the one in PBCH.
Observation 5: UE specific common search space has a periodicity of 1/2/4/5/8/10/16/20 slot(s), while the RMSI CSS periodicity is 20ms (TDM) or the same as the SSB periodicity (FDM) i.e. 5/10/20/40/80/160ms. UE CSS IE seach space cannot cover all the RMSI CSS at least from periodicity point of view
To clarify this misalignment, we propose that 

· Proposal 1: Due to the misalignment of CSS#0 in MIB and dedicated signalling, RAN2 to discuss the potential following two approaches
· Option1: Leave as it is, RAN2 clarify that CSS#0 may not be the same as in MIB and change the corresponding field description, network will configure the UE to work properly, though not so efficient

· Option2: Introduce the corresponding periodicity for the CSS in dedicated signaling, or pdcch-ConfigSIB1 may be included in dedicated signaling.
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