[bookmark: _Hlk101380190]3GPP TSG-RAN WG4 Meeting # 104-e	R4-2212516
Electronic Meeting, August 15 – August 26, 2022
Agenda Item: 9.17.2.2
Source: MediaTek Inc.
Title: Discussion on inter cell beam management  
Document for: Discussion	
1 	Introduction
According to [1], some issues have been concluded in the last meeting. In this paper, we would like to further discuss the open issues, e.g. consider additional known cell condition, requirement applicability of inter cell L1 measurement, sharing factors and applicability of Sharing factors, … , etc.
2 Discussion
2.1 additional known cell condition
In the last meeting, there is one open issue as below.

	Issue 2-1-1: Whether to consider additional known cell condition
· Agreements:
· Don’t need additional known cell condition, if benefit is not identified.
· FFS:
· Add an additional known cell condition with L1 measurement only. It is network scheduling choice whether to schedule both or either L1 measurement and/or L3 measurements in inter-cell.



To our understanding, we have already agreed in RAN4 that L3 measurements should be configured prior to L1-RSRP on NSC, i.e. L3 should not be skipped. Besides, typically, UE uses fine beam to do L1 measurement within a specific rough beam coverage which is determined by L3 measurement before. So, if UE skips L3 measurement , UE has to use fine beam to find the best SSB within the whole sphere. In that case, the UE may not find the acceptable beam within limited time (N=8) because the beam width of fine beam is too small.

[bookmark: _Ref110952035]Proposal 1: For known cell condition of non-serving cell, not to add an additional known cell condition with L1 measurement only.


2.2 Requirement applicability of inter cell L1 measurement
To our understanding, according to the WI of R17 feMIMO (RP-211586), there are two scenarios:
(1) inter-cell beam management
In this case, dynamic point scheduling (DPS) is used, i.e. UE is required to receive signals from a serving cell and a non-serving cell with TDM manner.

(2) inter-cell mTRP:
In this case, joint transmission (JT) is used, i.e. UE is able to receive data channel from both serving cell and non-serving cell at the same time but, for the measurement, the UE is only required to receive one measurement RS from a cell at a time.

In the last meeting, most companies think the existing inter-cell L1-RSRP measurement requirement is applicable to both scenarios. So, we are convinced and suggest it can be defined in spec clearly.

[bookmark: _Ref101447314]Proposal 2: The existing inter cell L1-RSRP measurement defined in TS 38.133 is applicable for both inter-cell beam management and inter-cell mTRP scenarios.

2.3 Sharing factor
In the last meeting, RAN4 agreed to further study the sharing factor between serving cell and non-serving cell. To our understanding, the existing requirement is too complicated to understand and may have error design or miss scenario. So, we would like to introduce a new simple design for sharing factor, so-called “two stages puncture sharing factor calculation”. The idea is similar to the design of sharing factor in R17 gap enhancement. The detail how to determine the sharing factor for R17 inter cell BM is provided as below steps.

Step 1. Calculate the following factors for serving cell and non-serving cell, where the factor calculation are similar to gap enhancement.
Following similar principle as Rel-15, MG always has a higher prioitiy than L1-RS. Therefore, it makes sense to only consider those L1-RS which are not overlapped by MG. 
Regarding the collision to SMTC, we can also follow the same principle as Rel-15 (or Rel-17 MG enh), it depends on whether we can still find available L1-RS not covered by MG and SMTC in FR2.
	· For a window L of duration max(TSSB, TSSB_CDP,  MGRP, TSMTC), : 
· Ntotal_sc and Ntotal_CDP are the total number of serving cell's and non-serving cell's SSB resource occasions, respectively, within the window L, including those overlapped with measurement gap occasions or SMTC occasions within the window L, and
· Noutside_MG_SC and Noutside_MG_CDP are the number of serving cell's and non-serving cell's SSB resource occasions, respectively, that are not overlapped with any measurement gap occasions within the window L
· Navailable_SC and Navailable_CDP are the number of serving cell's and non-serving cell's SSB resource occasions, respectively, that are not overlapped with any measurement gap occasion nor any SMTC occasion within the window L 



To make it clear, we take the same example as the case we provided in the last meeting to explain our thinking on this issue.
[bookmark: _Ref110856776]Table 1. The configuration for SSB, SMTC and MG
	
	SSB from serving cell
	SSB from non-serving cell
	SMTC
	MG

	Periodicity (ms)
	10
	20
	40
	20

	Offset (ms)
	0
	0
	0
	10



Based on Table 1, the occasion pattern can be illustrated as Figure 1.
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[bookmark: _Ref110856785]Figure 1. illustration of the occasion pattern of SSB, SMTC and MG

So, according to Figure 1, the factors can be obtained as below.
· L = 40
· Ntotal_sc and Ntotal_CDP are 4 and 2, respectively
· Both Noutside_MG_SC and Noutside_MG_CDP are 2
· Both Navailable_SC and Navailable_CDP are 1.

Step 2. Calculate the sharing factor PSMTC_MG_SC and PSMTC_MG_CDP based on Table 2 for serving cell and non-serving cell individually. 

[bookmark: _Ref110857472]Table 2. calculation for PSMTC_MG_SC and PSMTC_MG_CDP
	Sharing factor
	PSMTC_MG_SC
	PSMTC_MG_CDP

	FR1
	Ntotal_sc / Noutside_MG_SC 
	Ntotal_CDP / Noutside_MG_CDP 

	FR2
	· If Navailable_SC = 0
· Psharing factor * Ntotal_sc / Noutside_MG_SMTC_SC
· If Navailable_SC > 0
· Ntotal_sc / Navailable_SC 
	· If Navailable_CDP = 0 (no requirement when all NSC SSBs are overlapped with SMCT and/or MG. This case is for reference)
· Psharing factor * Ntotal_CDP / Noutside_MG_SMTC_CDP
· If Navailable_CDP > 0
· Ntotal_CDP / Navailable_CDP 

	Note 1: Psharing factor is same definition as current spec. This is used to capture the case when SSB are fully overlap with SMTC, and the SSB will be shared between L1 and L3 measurement.



In this step, we do not consider the overlap between serving cell and non-serving cell. The main idea is to extend the measurement delay for serving cell and non-serving cell individually when some (or all) SSB are punctured by SMTC and MG. The principle is the same as the concurrent gaps in Rel-17 MG. PSMTC_MG_SC and PSMTC_MG_CDP are the scaling factors which considers only the impact from MG and SMTC. So, for the example in Figure 1 (assume the measurement is in FR2), the PSMTC_MG_SC and PSMTC_MG_CDP are 4 and 2. 
Obviously, PSMTC_MG_SC = 4 and PSMTC_MG_CDP = 2 are reasonable, because, if we DO NOT consider the overlap between serving cell and non-serving cell, UE can get one valid sample from serving cell every 40 ms (PSMTC_MG_SC (4) * TSSB_SC (10)) and get one sample from non-serving cell every 40 ms (PSMTC_MG_CDP (2) * TSSB_CDP (20)), individually.
How to handle the collision between serving and non-serving cell is handled in the next step.

Step 3. Calculate the final sharing factor P for serving cell and non-serving cell based on Table 3. 
For a window L of duration max(TSSB, TSSB_CDP,  MGRP, TSMTC) : We can define a term NSC_NSC_collision which is the number of serving cell's SSB resource occasions collided with non-serving cell's SSB resource occasions, where the collided SSB occasions are not overlapped with any measurement gap occasion nor any SMTC occasion within the window L. With NSC_NSC_collision, we can derive the following table.
[bookmark: _Ref110859960]Table 3. calculation of P sharing factor for serving cell and non-serving cell

	Conditions
	P for serving cell
	P for non-serving cell

	 is zero
	No requirement

	 > zero
	 is zero
	SC
	PSMTC_MG_CDP

	
	 > zero
	 > 
	PSMTC_MG_SC 
	PSMTC_MG_CDP

	
	
	 < 
	SC
	PSMTC_MG_CDP 

	
	
	 = 
	2*
	2*



For the example in Figure 1,  =  = NSC_CDP_collision = 1. As a result, the final sharing factor for serving cell and non-serving cell are 8 and 4, respectively, and it can guarantee UE to obtain the enough valid measurement sample from both serving cell and non-serving cell.

[bookmark: _Ref101447322][bookmark: _Ref110952045]Proposal 3: For R17 inter-cell BM, introduce a new design, so-called“two stages puncture sharing factor calculation” to determine the sharing factor between serving cell and non-serving cell.

2.4 number of non-serving
According to [1], there is one open issue regarding the number of non-serving cell to be measured in FR1. The corresponding WF is provided as below.

	Issue 2-3-2 Number of non-serving TRPs to be measured
· Option 1:
· Number of other PCI UE can measure for L1-RSRP on FR1 is same as RAN1 capability and i.e., it can be more than 1.
· Option 2:
· The number of cell with different PCI is 1.



To our understanding, because we only define one non-serving cell in FR2, in order to reduce the UE complexity for the measurement implementation, it would be good to align the number of non-serving cell between FR1 and FR2. So, the following proposal is suggested.

[bookmark: _Ref110952046]Proposal 4: The number of non-serving cell to be measured in FR1 is one.


2.5 Scheduling availability
In this section, there are three issues (1) Dynamic TDD (2) UE capability (3) scheduling restriction for non-serving cell.

2.5.1 Dynamic TDD
In the last meeting, some companies think scheduling restriction for dynamic TDD should be also introduced for L1-RSRP measurement. To our understanding, it is reasonable. Because the flexible slot may be overwritten as UL slot and it may collide with SSB from non-serving cell. In that case, L1-RSRP measurement on non-serving cell should be prioritized over UL transmission on serving cell. Besides, one OFDM symbol before SSB and after SSB should also be considered because of TA.

[bookmark: _Ref110952052]Proposal 5: Introduce scheduling restriction for dynamic TDD when L1-RSRP measurement on non-serving cell overlaps with serving cell UL slots. In addition, one OFDM symbol before and after SSB should also be considered because of TA.

2.5.2 UE capability
There is one open issue regarding simultaneousRxDataSSB-DiffNumerology_r17. The corresponding discussion in the GTW and the current spec in TS 38.306 are provided as below.

Agreement in RAN4 #103-e GTW
	Issue 2-4-3 Whether to define scheduling restriction for non-serving cell
· Option 1(MTK):
· To define non-serving cell scheduling availability for the case that data from non-serving cell and the SSB from serving cell for L1-RSRP measurement are transmitted in the same OFDM symbol. 
· To introduce a new UE capability simultaneousRxDataSSB-DiffNumerology_r17 to additionally consider non-serving cell, if UE supports of L1 RSRP measurement/reporting for R17 inter-cell beam management.
· Option 2(Huawei, Apple, Qualcomm, vivo, ZTE, Samsung):
· The current scheduling restriction requirements are also applied to the data from a TRP with different PCI.
Agreement: option 2. 
· Further discuss whether any needs on the update of existing capability signalling 



Spec in TS 38.306
	simultaneousRxDataSSB-DiffNumerology
Indicates whether the UE supports concurrent intra-frequency measurement on serving cell or neighbouring cell and PDCCH or PDSCH reception from the serving cell with a different numerology as defined in clause 8 and 9 of TS 38.133 [5].
	UE
	No
	No
	Yes



According to the agreement in the last meeting, we agreed not to introduce a new UE capability in scheduling restriction. However, we can further discuss whether to update the existing capability signalling. For the whole discussion, the main point is whether serving cell includes non-serving cell. To our understanding, serving cell and non-serving cell are not totally the same. So, we suggest to add some wording to capture the case when the PDCCH or PDSCH reception from the non-serving cell. But, the question is which wording can be used for non-serving cell. When we check TS 38.214 as below, we observe that the “non-serving cell” is used.

Content extracted from TS 38.214-h20
	If the UE assumes that the DL PRS is not transmitted from a serving cell, and if nr-PhysCellID is provided, and is the same as physical cell ID of the SS/PBCH block from a non-serving cell of the same band as the DL PRS, the UE may assume that the DL PRS and the SS/PBCH block are transmitted from the same non-serving cell.




In addition, in the last meeting, we agree in RAN4 to use “ additional serving cell” in scheduling availability requirement to describe a cell with different PCI from serving cell. The corresponding requirement is provided as below.
	9.13.6	Scheduling availability of UE during L1-RSRP measurement
Scheduling availability restrictions described in the following clauses apply for the following conditions:
-	when UE is performing L1-RSRP measurement on additional serving cell and/or cell(s) with PCI different from serving cell, scheduling restrictions specified in this clause apply for serving cell. 
-	when UE is performing L1-RSRP measurement on serving cell and/or cell(s) with PCI different from serving cell, scheduling restriction specified in this clause apply for additional serving cell. 
Note: The additional serving cell is a cell which UE is receiving the PDCCH/PDSCH from cell(s) with PCI different from serving cell.



[bookmark: _Ref110952055]Observation 1: In TS 38.214 and TS 38.133, the wording “non-serving cell” and “additional serving cell”, respectively, are used to describe a cell with different PCI from serving cell.

To our understanding, because the capability signalling simultaneousRxDataSSB-DiffNumerology is introduced by RAN4. So, we suggest to use “additional serving cell” to align with the core requirement in TS 38.133.

[bookmark: _Ref110952059]Proposal 6: Update the capability signaling simultaneousRxDataSSB-DiffNumerology as below: 
	simultaneousRxDataSSB-DiffNumerology
Indicates whether the UE supports concurrent intra-frequency measurement on serving cell or neighbouring cell and PDCCH or PDSCH reception from the serving cell or an additional serving cell with a different numerology as defined in clause 8 and 9 of TS 38.133 [5].




2.5.3 scheduling restriction for non-serving cell 
According to the existing requirement, we have already agreed that the restriction may happen on serving cell and additional serving cell (non-serving cell) when the measurement is performed on additional serving cell (non-serving cell) and serving cell, respectively. Following the same logic, UE is not required to transmit PUCCH/PUSCH/SRS to non-serving cell or receive PDCCH/PDSCH from  non-serving cell on symbols corresponding to the serving cell’s SSB or CSI-RS indexes configured for L1-SINR measurement, BFD, CBD and RLM.

[bookmark: _Ref110952060]Proposal 7: Introduce scheduling restriction on non-serving cell when UE performs L1-SINR measurement, BFD, CBD, RLM on serving cell.

3 Summary
In this paper, the discussion of inter cell beam management is provided. We have the following proposal:
Proposal 1: For known cell condition of non-serving cell, not to add an additional known cell condition with L1 measurement only.
Proposal 2: The existing inter cell L1-RSRP measurement defined in TS 38.133 is applicable for both inter-cell beam management and inter-cell mTRP scenarios.
Proposal 3: For R17 inter-cell BM, introduce a new design, so-called“two stages puncture sharing factor calculation” to determine the sharing factor between serving cell and non-serving cell.
Proposal 4: The number of non-serving cell to be measured in FR1 is one.
Proposal 5: Introduce scheduling restriction for dynamic TDD when L1-RSRP measurement on non-serving cell overlaps with serving cell UL slots. In addition, one OFDM symbol before and after SSB should also be considered because of TA.
Observation 1: In TS 38.214 and TS 38.133, the wording “non-serving cell” and “additional serving cell”, respectively, are used to describe a cell with different PCI from serving cell.
Proposal 6: Update the capability signaling simultaneousRxDataSSB-DiffNumerology as below:
	simultaneousRxDataSSB-DiffNumerology
Indicates whether the UE supports concurrent intra-frequency measurement on serving cell or neighbouring cell and PDCCH or PDSCH reception from the serving cell or an additional serving cell with a different numerology as defined in clause 8 and 9 of TS 38.133 [5].


Proposal 7: Introduce scheduling restriction on non-serving cell when UE performs L1-SINR measurement, BFD, CBD, RLM on serving cell.
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