3GPP TSG RAN2 Meeting #115

                                             R2-2107257
Electronic Meeting, August 2021
Agenda Item:
8.17.2
Source: 
OPPO

Title:
Discussion on inter cell beam management
Document for
Discussion and decision
1 Introduction
In RAN#92 meeting there is discussion on the priority of two scenarios of L1/L2 centric mobility, namely inter-cell MTRP without change of serving cell and inter-cell mobility with change of serving cell. In the summary paper of final round email discussion [1] RAN plenary agreed that inter-cell mobility with change of serving cell is dropped in Rel17 due to lack of time in both RAN1 and RAN2. Then in the updated MIMO WID [2] that inter-cell MTRP case is called inter-cell beam management and the potential RAN2 impact could be in MAC layer e.g. MAC CE, RRC layer e.g. measurement configuration and TCI state switching etc. In this paper, potential deployment scenario and modelling issue as well as RAN2 spec impact are discussed based on the progress in both RAN plenary and previous RAN2 meeting.
2 Discussion
2.1 Scenario aspects
In order to simplify the discussion, let us focus on two TRPs case at first. One of the key characteristics of inter-cell beam management is that serving cell will not change. It means there is an anchor TRP, to which UE is always connected i.e. UE is always under its coverage and can always fall back to this TRP. With another TRP (called TRP2), UE may or may not be able to connect to it. It seems not matter whether cell of anchor is PCell or not. In fact it can be any cell in any cell group. The cell of TRP2 should be SCell only but in the same cell group with cell of anchor TRP.
Proposal1: The cell of anchor TRP could be any cell of any cell group

Proposal2: The cell of configurable TRP2 should be SCell only in the same cell group of cell of anchor TRP
There is one left issue is whether a new C-RNTI should be allocated for cell of TRP2 at last RAN2 meeting. Since cell of anchor TRP and TRP2 always belong to the same cell group and C-RNTI is assigned per cell group in current spec, it is reasonable to assume same C-RNTI is shared between these two cells.
Proposal3: Same C-RNTI is shared by cells of anchor TRP and TRP2
Another left issue is whether RACH procedure is needed when UE start to transmit/receive from cell of TRP2 from cell of anchor TRP? If source cell and target cell is well synchronized in advance, the interruption time in Uu interface of handover procedure is mainly due to RACH procedure. If RACH procedure is needed, it defeats the very original intension of this feature i.e. smooth switch with less interruption time. Furthermore RAN plenary agreed that inter-cell beam management is only limited to intra-DU & intra-frequency case. For cells belonging to same DU, it is likely UE can keep synchronization with both TRPs i.e. cells of two TRPs are likely in the same TAG. Note this is also assumption of Rel16 and Rel17 multi-TRP feature. To simplify the Rel17 discussion this assumption should be kept in Rel17 as well.
Proposal4: In Rel17 inter-cell beam management, cells of anchor TRP and TRP2 belong to same TAG and hence no RACH procedure is needed when UE switches back and forth between cell of anchor TRP and TRP2.

2.2 Modelling

In current spec when UE is in RRC_CONNECTED state, there are several modes of one cell:
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Figure 1: Cell modes in RRC_CONNECTED state
What is the mode of the cell of TRP2 before its TCI states are activated? The intention of the inter-cell beam management is to transmit/receive to/from the TRP2 once its TCI states are activated. Obviously, the cell of TRP2 should be an activated cell and current BWP is non-dormant BWP after the activation of its TCI states otherwise UE can’t start communication immediately. Before activation of TCI states, UE need only do measurement which is related to beam management e.g. measure and report L1_RSRP but can’t communicate with it. So it looks like a neighbouring cell. The problem is that normally a neighbouring cell can become a component carrier via RRC procedure instead of L1 signaling in current spec. While UE’s behaviour in dormant BWP is very similar to this. In dormant BWP, UE can only report CSI  and optionally beam failure detection and recovery. Following text procedure in Figure 2 is cited from NR MAC spec (section 5.15.1)
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Figure 2: UE’s behaviour under dormant BWP 

In addition, the switch from dormant BWP to non-dormant BWP can be done via L1 signaling, which matches the spirit of the inter-cell beam management quite well. So there could be 2 modelling approaches before activation of TCI states of cell of TRP2:

Alt1: Cell of TRP2 is a neighbouring cell 
Alt2: Cell of TRP2 is an activated CC with dormant BWP configuration

Alt1 seems have better forward compatibility considering it maybe more proper for inter-cell mobility case in future. But serving cell change can be done also between two component carrier even for PCell, so technically Alt2 can be also applicable for inter-cell mobility.

In order to reuse current spec as much as possible one way to enable Alt2 is that cell of TPR2 should be configured with a dormant BWP always. When network want to schedule it by activating its TCI state, UE can be switched to a non-dormant BWP.
Proposal5: The cell of TRP2 is an activated component carrier once it is pre-configured via RRC signalling with a dormant BWP.
RAN2 agreed that “R2 assumes that for both multi-TRP and mobility scenarios, single protocol stack can be assumed (intra-DU)”. Following Figure 2 illustrates such agreement:
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Figure 3: user plane structure for both models
After activation of TCI states of cell of TRP2, it becomes an activated component carrier. We think CA framework can be reused with some minor modification. Apart from the fact that cell of anchor TRP and TRP2 will be of same frequency, there are some other difference. Firstly these two cells are exclusive in the sense they will not be scheduled simultaneously. We think this can be done by network’s implementation, which however should be clarified in stage 2 specification. When UE is scheduled on cell of TRP2 and cell of anchor TRP is PCell, UE should be allowed to switch back to cell of anchor TRP in order receive RRC signalling on public channel such as SIB1, OSI and Paging which is scheduled in semi-statistic way. Actually this is already agreed at last RAN2 meeting
4. UE receives and transmits using UE-dedicated channel on TRP with different PCI. 

5. UE should be in coverage of a serving cell always, also for multi-TRP case, e.g. UE should use common channels BCCH PCH etc. from the serving cell (as in legacy).
Proposal6: After activation of TCI states, cell of TRP2 become an activated SCell. UE should be switched from dormant BWP to non-dormant BWP for further scheduling

Prposal7: In both DL and UL UE can be scheduled on cell of anchor TRP and TRP2 in TDM way. This need be clarified in stage2 level spec only i.e. without any stage3 work.
In RAN1’s LS [3] it is mentioned that “RAN1 is currently investigating TCI state update (beam indication) for DL reception from and UL transmission to non-serving cell(s) – at least on UE-dedicated PDSCH, PDCCH, PUSCH, and PUCCH”. It looks like cell of TRP2 should be configured with PUCCH too. But it seems not necessary because PUCCH channel could be already configured in other serving cell of the same cell group including cell of anchor TRP. And the PUCCH supposes to be already configured before the cell of TRP2 is activated and scheduled. From RAN2 point of view it seems dedicated PUCCH channel is not necessary for inter-cell beam management. But of course this should be confirmed by RAN1.

Proposal8: From RAN2 point of view PUCCH channel is not necessary for cell of TRP2 for inter-cell beam management. And this should be confirmed by RAN1.
In summary cell of TRP2 is a component carrier with dormant BWP configuration and without BCCH and PCCH channel in downlink and without PRACH/PUCCH channel in uplink. From L2 point of view UE can communicate with network on dedicated SRBs i.e. SRB1/SRB2/SRB3(if configured) and dedicated DRBs.
2.3 Other RAN2 impacts
Some other potential RAN2 impacts are mentioned in the updated MIMO WID [2] e.g. RRC signalling to configure beam measurement, TCI states activation which could be MAC CE and/or L1 signaling. Considering cell of TRP2 is just another component carrier, it seems current scheme can be taken as baseline. This can be however updated once more agreements are received from RAN1.
Proposal9: Rel15/16 scheme on beam measurement configuration, TCI states activation is taken as baseline and can be further updated once more RAN1 agreements are coming in.
3 Conclusion

Proposal1: The cell of anchor TRP could be any cell of any cell group

Proposal2: The cell of configurable TRP2 should be SCell only in the same cell group of cell of anchor TRP

Proposal3: Same C-RNTI is shared by cells of anchor TRP and TRP2
Proposal4: In Rel17 inter-cell beam management, cells of anchor TRP and TRP2 belong to same TAG and hence no RACH procedure is needed when UE switches back and forth between cell of anchor TRP and TRP2.

Proposal5: The cell of TRP2 is an activated component carrier once it is pre-configured via RRC signalling with a dormant BWP.

Proposal6: After activation of TCI states, cell of TRP2 become an activated SCell. UE should be switched from dormant BWP to non-dormant BWP for further scheduling

Prposal7: In both DL and UL UE can be scheduled on cell of anchor TRP and TRP2 in TDM way. This need be clarified in stage2 level spec only i.e. without any stage3 work.
Proposal8: From RAN2 point of view PUCCH channel is not necessary for cell of TRP2 for inter-cell beam management. And this should be confirmed by RAN1.
Proposal9: Rel15/16 scheme on beam measurement configuration, TCI states activation is taken as baseline and can be further updated once more RAN1 agreements are coming in.
4 Annex: RAN2#114e agreements:
· RRC provides the configuration for “the cells for L1/L2 centric mobility”, and L1/L2 signaling can be used/feasible for the dynamic usage/switching of the configured value.

· R2 didn’t see a problem with using different C-RNTIs for different cells. Different C-RNTI seems more natural in a mobility scenario. No conclusion in R2 for mTRP scenario.

· RRC configurations of the cells for L1/L2 centric mobility, including C-RNTI, are configured by RRC. 
· RAN2 prefer to restrict the scope of the deployment only for intra-DU case in Rel-17.
· RAN2 assumes to prioritize intra-frequency case in Rel-17, but RAN2 follows the RAN4 decision to support inter-frequency case.
· RAN2 confirm the simplified procedures on the inter-cell multi-TRP-like model as a baseline RAN2 understanding:

Scenario 1: Inter-cell multi-TRP-like model 


1. UE receives from serving cell, configuration of SSBs of the TRP with different PCI for beam measurement, and configurations needed to use radio resources for data transmission/reception incl resources for differet PCI. 


2. UE performs beam measurement for the TRP with different PCI and report it to serving cell.


3. Based on the above reports, TCI state(s) associated to the TRP with different PCI is activated from the serving cell (by L1/L2 signaling). 


4. UE receives and transmits using UE-dedicated channel on TRP with different PCI. 


5. UE should be in coverage of a serving cell always, also for multi-TRP case, e.g. UE should use common channels BCCH PCH etc. from the serving cell (as in legacy).
· RAN2 confirm the simplified procedures on the L1L2 mobility model as a baseline RAN2 understanding:


Scenario 2: L1L2 mobility model (i.e. with serving cell change)


1. UE receives from serving cell, configuration of SSBs of the cell with different PCI for beam measurement/ serving cell change.


2. UE performs beam measurement for the cell with different PCI and report it to serving cell. 


3. Serving cell configuration for cell with other PCI is provided to the UE by RRC (pre-configuration for serving cell change, FFS if this step is same as 1). 


4. Based on the above reports, TCI states for cell with different PCI is activated along with the serving cell change (by L1/L2 signaling). FFS if this is multiple steps.

5. UE changes the serving cell and starts receiving/transmitting using the pre-configured UE-dedicated channel and TCI states.

· Ask R1 to confirm that L1L2 mobility is assumed to be based on L1 measurements (not in R2 scope) 
· R2 assumes for now that L1L2 mobility model includes Pcell mobility and possibly also Scell mobility (FFS).
· R2 assumes that for both multi-TRP and mobility scenarios, single protocol stack can be assumed (intra-DU)
· Continue discussion [036] to converge on a reply LS, can include all R2 agreements and explicitly formulated replies to R1 questions (to the extent needed/possible)
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