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1. Introduction

In RAN1#91, some working assumptions on RMSI configurations were achieved [1]. According to the latest RRC signaling design [2], it seems that the configurations for RMSI search space between PBCH and RRC signaling are not matched. This misalignment issue, as well as some remaining issues on RMSI, are addressed in this contribution.
2. Discussion 

2.1. Misalignment of RMSI search space configurations

According to the RAN1 specification, the monitoring occasions for RMSI, a.k.a. search space #0 in 38.213 [3], are determined from the four LSB of pdcch-ConfigSIB1 in PBCH [2], depending on the multiplexing pattern of SS block and CORESET for a single SS block:

· TDM: over two consecutive slots with a periodicity of 20 ms
· FDM: over one slot with periodicity equals to the periodicity of SS block (5/10/20/40/80/160 ms)

One example of search space configuration with TDM pattern is depicted in Figure 1, where the monitoring slots and symbols within the slot for each RMSI search space are shown. Search spaces associated with different SS blocks have different monitoring slots and symbols. Totally four different search spaces are defined by the pdcch-ConfigSIB1 included in PBCH for the sake of beam sweeping.
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Figure 1 Example of search space configuration with TDM pattern (N=2, M=1/2) and one-symbol CORESET 
On the other hand, according to the RRC signaling, the monitoring occasion for RMSI, a.k.a. searchSpaceSIB1 in pdcch-ConfigCommon, is defined by reusing the UE-specific search space IE [2]. More specifically, the monitoring occasion configured via SIB1/RRC signaling can only be one single slot with a periodicity of 1/2/4/5/8/10/16/20 slots, corresponding to a largest period of 20/10/5/2.5 ms for SCS of 15/30/60/120 kHz, respectively. Consequently, it can be seen that the configurations for RMSI search space are misaligned between PBCH and RRC signaling.

Observation 1: The RMSI search space configurations provided by current RRC signaling is not aligned with that configured by PBCH in the following aspects:

· the monitoring periodicity 

· 20 ms for TDM pattern and 5/10/20/40/80/160 ms for FDM patterns, as defined by PBCH

· 1/2/4/5/8/10/16/20 slots, as defined by RRC signaling

· the number of monitoring slots in one period

· two consecutive slots for TDM pattern, as defined by PBCH

· one single slot, as defined by RRC signaling

· SS block index associated with the monitoring occasions

· different monitoring occasions for different SS block indexes, as defined by PBCH

· monitoring occasions for a single SS block index, as defined by RRC signaling

It was further agreed in RAN1 #AH 1801 that, the search space #0 configured by RRC should be the one configured by PBCH [4]. 

	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


As a result, if a UE is configured by network a search space for RMSI monitoring, via RRC signaling e.g. during handover or PScell configuration, that search space may not align with the one configured/broadcasted by PBCH. There are several potential solutions to this misalignment. 

· Opt.1: Modify the SearchSpace IE to align with the RMSI search space.

· Opt.2: Do not use the SearchSpace IE for signaling the RMSI search space.

· i.e. modify the pdcch-ConfigCommon IE and define a new IE for RMSI search space signaling

· Opt.3: The PBCH configuration is overwritten by RRC signaling (SIB1 or UE specific signaling).

· i.e. revert the agreement of control section to allow the network overwrites the search space #0

Opt.1 and Opt.2 have RRC impacts that should be avoided. Therefore, Opt.3 is preferable. 

Proposal 1: It should be clarified that a UE should monitor the search space #0 according to the pdcch-ConfigCommon if provided by higher layer signaling; otherwise, it monitors the search space #0 according to the pdcch-ConfigSIB1 provided by PBCH.
2.2. CORESET collision in pattern2

In the previous meeting [5], 2 options were given to deal with the collision between CORESETs for {SSB SCS, PDCCH SCS} = {240, 120} kHz for Pattern 2:

· Option 1: Remove the configurations with [image: image2.wmf]CORESET
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· Option 2:  Modify Table 13-14 to add the support [image: image3.wmf]CORESET
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In the previous discussion, a similar discussion of collisions between CORESETs in pattern 1 raised. It is found that the value of 
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 may be larger than 1 when the SSB index is very large in FR2. In this case, PDCCH monitoring occasions associated with different SSBs will be completely overlapped with each other and a longer monitoring periodicity was proposed to avoid potential PDCCH monitoring confusion. However, in the offline discussion, we agreed not to revisit the PDCCH monitoring periodicity and decided it should be up to gNB scheduling. A similar solution can be adopted for collision in pattern 2. On the other side, as RMSI CORESET can be shared by the search spaces of OSI and paging, larger aggregation levels of PDCCH would be preferable, therefore we prefer option2.
Proposal 2: For {SSB SCS, PDCCH SCS} = {240, 120} kHz for Pattern 2, we prefer option 2.

2.3. RMSI CORESET configuration ambiguity
RAN4 has introduced new combinations of SSB SCS and the minimum channel bandwidth for overlapping bands. As sync raster is defined by the minimum channel bandwidth, SS/PBCH block bandwidth and channel raster, the overlapping bands may have different definitions of sync raster. For example, in Table 1, for SSB SCS=15kHz, band n38 uses 900kHz sync raster and 70-100kHz SS raster shift to calculate GSCN and band n41 uses 4.32MHz sync raster with no shift. The minimum frequency offsets between two sync rasters on these two bands under different SS raster shift assumptions are shown in Table 3. 

Table 1. SS raster definition of band n38 and band n41

	Frequency range & GSCN range
	band
	DL operating band
	SSB SCS
	min CH BW
	GSCN
	Raster

offset

	0-2700MHz

(1 – [8999])
	N38
	2570 MHz – 2620 MHz
	15 kHz
	5 MHz
	[8572 - <1> -  8958]
	900 kHz

	2400-24250 MHz

([9000 – 24173])
	N41
	2496 MHz – 2690 MHz
	15 kHz
	10 MHz
	[9069 - <3> -  9198]
	4.32MHz

	
	
	
	30kHz
	10 MHz
	[9070 – <1> – 9198]
	1.44MHz


Table 2.  GSCN parameters for the global frequency raster
	Frequency range
	SS Block frequency position SSREF
	GSCN
	Range of GSCN

	0 – 2700 MHz
	N * 900 kHz + M * [TBD 70 - 100kHz] 

N = 1:3000, M=-1:1
	3N + M - 1
	1 – [8999] 

	2400-24250 MHz
	2400 MHz + N * 1.44 MHz

N = 0:15173
	[9000 + N]
	[9000 – 24173]


Table 3. example of frequency offset between sync rasters on n38 and n41

	band n38

[8572 - <1> -  8958]
	band n41

[9069 - <3> -  9198]
	the minimum frequency offset between GSCN1 and GSCN2

	SS raster shift
	GSCN1
	SSref1(MHz)
	GSCN2
	SSref2(MHz)
	

	70kHz
	8619
	2585.77
	9129
	2585.76
	10kHz

	80kHz
	8619
	2585.78
	9129
	2585.76
	20kHz

	90kHz
	8619
	2585.79
	9129
	2585.76
	30kHz

	100kHz
	8632
	2590.10
	9132
	2590.08
	20kHz


If SS raster shift is 70kHz, the absolute frequency of GSCN1=8619 (band 38) and GSCN2=9129 (band41) will be 2585.77MHz and 2585.76 MHz respectively. In this case, the frequency offset between the two GSCNs is 10kHz, which is much smaller than the initial frequency error (e.g., 54kHz). It brings a challenge to UE in determining the correct reference GSCN and exact minimum channel bandwidth. Apart from the ones given in Table 3, some other GSCNs encounter the same situation. Besides, we can also easily find that the minimum frequency offsets are still small even the SS raster shift is adopted with other candidate values(80/90/100kHz), therefore, RMSI CORESET ambiguity issue always exists with the revisited shift value range.
We can see the agreed PBCH content were not considered for carrying any band information when the detected SSB falls in the overlapping part between band n38 and n41, UE needs to perform type0-PDCCH search space monitoring twice with distinct minimum channel bandwidth assumptions. This will increase time delay and UE power consumption at the initial access stage.
Including a band indicator as part of the PBCH is beneficial as it helps UE to determine RMSI CORESET configuration without ambiguity. It is worth noting that c0, which is used to indicate the half radio frame, is also used for initialization of PBCH-DMRS in below 3GHz case, where the maximum number of SSBs in a SSB burst set is 4. UE can acquire the value of c0 immediately once SSB index is successfully detected through PBCH-DMRS. There is no necessity to use 1 bit to indicate HFI in PBCH explicitly in this case. Therefore, this bit can be reused to help UE to identify which band is actually deployed.  

Observation 2: For the overlapping part of band n48 and n31, UE may need to perform type0-PDCCH search space monitoring twice under different minimum channel bandwidth assumptions.

Proposal 3: In band n38 and n41, 
[image: image31.wmf]4

+

A

a

 in PBCH payload can be used to indicate the band number.
2. Conclusion

In this contribution, we discuss the misalignment issue of CORESET0 and provides our opinions on some remaining issues on RMSI.

Observation 1: The RMSI search space configurations provided by current RRC signaling is not aligned with that configured by PBCH in the following aspects:
· the monitoring periodicity 

· 20 ms for TDM pattern and 5/10/20/40/80/160 ms for FDM patterns, as defined by PBCH

· 1/2/4/5/8/10/16/20 slots, as defined by RRC signaling

· the number of monitoring slots in one period

· two consecutive slots for TDM pattern, as defined by PBCH

· one single slot, as defined by RRC signaling

· SS block index associated with the monitoring occasions

· different monitoring occasions for different SS block indexes, as defined by PBCH

· monitoring occasions for a single SS block index, as defined by RRC signaling
Proposal 1: It should be clarified that a UE should monitor the search space #0 according to the pdcch-ConfigCommon if provided by higher layer signaling; otherwise, it monitors the search space #0 according to the pdcch-ConfigSIB1 provided by PBCH. 

Proposal 2: For {SSB SCS, PDCCH SCS} = {240, 120} kHz for Pattern 2, we prefer option 2.
Observation 2: For the overlapping part of band n48 and n31, UE may need to perform type0-PDCCH search space monitoring twice under different minimum channel bandwidth assumptions. 
Proposal 3: In band n38 and n41, [image: image32.wmf]4
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