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In RAN2#113bis meeting, two RAN1 LS[1][2] triggered discussion on two scenarios, namely MTRP-like scenario and HO-Like scenario and potential RAN2 impact correspondingly. The discussion can’t boil down since there is no common understanding. Hence RAN2 are not able to answer questions listed in the LS. Companies still have different view in the email discussion “[Post113bis-e][061][feMIMO] InterCell mTRP and L1L2 mobility (Samsung)” afterwards. Nevertheless it seems majority companies agree that Rel17 should focus on both scenarios for intra-DU and intra-frequency case. In this contribution we start with modelling issue and then try to figure out what is potential RAN2 impact based on assumed model by focusing on intra-DU/frequency use case.
Discussion
Modelling issue
The term “non-serving cell” and “inter-cell mobility” in RAN1 LS[2] gives impression that in both scenarios UE are connected to two different cells. But it is misleading 
[image: ]
Figure 1 MTRP-Like scenario (refer to UE A) and HO-Like scenario (refer to UE B) [3]
Our understanding is the intention for UE to connect two TRPs with different PCI is to enable more beams for more flexible beam management since the total beams are limited when pertained to one PCI i.e. the intention is to extend beam management framework from one PCI to two PCIs. RAN1 LS[2] says “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”. In MTRP-Like scenario UE A can transmit/receive to/from two TRPs simultaneously. In HO-Like scenario UE can transmit/receive to/from one TRP. There are two options to model TRP A and TRP B from RAN2 point of view in Figure 1:
Option 1: TRP A and TRP B are modelled as TRPs transmitting reference signal pertained to different PCI but one single cell. 
Option 2: TRP A and TRP B are modelled as two cells (and are called cell A and cell B afterwards)
Option1 means, apart from beam management relevant configuration e.g. reference signal (SSB/CSI-RS), TCI states, measurement/reporting of reference signal, BFD and BFR etc., all other RRC parameters are exactly the same between TRP A and TRP B. When UE is connected to TRP A or TRP B or both, UE is always connected to same cell from RAN2 point of view. It is similar to Rel16 MTPR operation where different TRPs still transmit same PCI but in different geographical place. In MTRP-Like scenario, UE can connect to either TRP A or TRP B or both. In HO-Like scenario, UE can only connect to TRP A or TRP B i.e. switch between TRP A or TRP B will always happen. In both scenario switch between TRP A and TRP B is actually normal beam switch hence it can be handled by physical layer and transparent for L2 and L3.


Figure 2: UP model of option 1
Option 2 means all RRC parameters including beam management relevant configuration can be different between cell A and cell B with some limitation e.g. they should be intra-frequency carrier with same numerology since they are different cells by the nature. So basically TRP A and TRP B are separate cells from RAN2 point of view. In MTRP-Like scenario, UE can connect to either cell A or cell B or both. In HO-Like UE can connect to only cell A or cell B i.e. switch between cell A and cell B will always happen. In both scenarios RRC layer procedure may be needed to enable cell role change.


Figure 3: the UP model of option2

Potential RAN2 impact of option1
The biggest benefit of option1 is simplicity of the solution which imply much less work for both RAN1 and RAN2. In RRC layer the mobility issue can be avoided completely for both MTRP-Like scenario and HO-Like scenario because cell is not changed at all. The addition/modification/release of connection to/from TRP A and/or TRP B become purely RAN1 procedure as today i.e. the inter-cell mobility issue become inter-TRP beam switch issue. In addition because C-RNTI is always unique within one cell, in option 1, whether C-RNTI of TRP A and TRP B should be same or not is not a valid issue at all. RRC layer of course need configure beam management relevant parameters for TRP B e.g. likely another instance of CSI-MeasConfig is needed. For both instances of CSI-MeasConfig, the additional part could be the linkage of TCI states of reference signals between TRP A and TRP B.
During email discussion some companies mentioned following aspects maybe impacted:
1. RRM measurement and RLM/RLF 
2. Uplink synchronization
For issue 1 and issue 2, the commonality part is whether reference signal of TRP B should be involved in RRM measurement and/or RLM/RLF. Our understanding is that reference signal from both TRP A and TRP B should be involved. Note from UE point of view there is no difference between TRP A and TRP B apart from different PCI assignment and beam management relevant configuration. TRP A can also be taken as extra TRP and vice versa. So when UE is assigned with reference signal to do RRM measurement or do radio link monitoring, reference signal from both TRPs should be taken into account. 
However there is something new. When UE switch between TRP A and TRP B, reference signal for RRM measurement and radio link monitoring should be also changed dynamically along with beam switch.
If the timing difference between TRP A and TRP B could beyond CP of the OFDM symbol, then uplink synchronization is a valid issue. But it basically mean TRP A and TRP B should belong to different TAG. One problem is that it break current basic principle i.e. one cell only belongs to one TAG. Furthermore when UE switch to one TRP, where uplink synchronization is lost, it will trigger RACH procedure to achieve uplink synchronization again. This obviously contradicts with the intention of MTRP operation since more delay will be introduced in user plane. So simple approach is that some limitation should added to both scenarios as such that timing difference between TRP A and TRP B will not beyond CP length. 
In user plane protocol stack SDAP,PDCP and RLC are not impacted. MAC is also not impacted in the sense nothing is changed before MAC PDU is delivered to PHY layer. MAC could be impacted due to the relevant beam management operation e.g. activation/deactivation of TCI states of TRP B which is driven by RAN1 as usual. 
Potential RAN2 impact of option 2
The biggest benefit of option2 is flexibility and forward compatibility of the solution at the cost of complexity and high work load in both RAN1 and RAN2. 
In both RRC layer and MAC layer cell A and cell B are taken as different serving cell i.e. they will be assigned with a different ServCellIndex. So from user plane point of view, cell A and cell B looks like carrier aggregation but with same frequency. The relationship between cell A and cell B is closer compared to normal carrier aggregation due to the potential linkage and interaction of cell A and cell B w.r.t. beam management procedure in physical layer. So it will be bit weird that UE is assigned with different C-RNTI which only occurs to different cell group so far.
Like option1, there is no impact foreseen on protocol stack SDAP, PDCP and RLC. MAC layer is also not impacted in the sense cell A and cell B are taken as different serving cell and falls in the current MAC framework without switching between cell A and cell B. These user plane stacks maybe impacted when cell change occurs. And the extend of the impact depends on the detail solution to switch between cell A and cell B.  
In RRC layer current RRC framework can be reused because cell B can be configured as another serving cell. There is no impact on RRM and RLM/RLF scheme as such that those measurement should be also limited within one cell and depends on the role of the cell in the system architecture. Regarding uplink synchronization issue in order to avoid RACH procedure, same approach for option1 should be also taken for option2.
The main issue for RRC layer is the cell role change. There are totally 3 cell roles in NR system i.e. PCell, pSCell and Scell. Correspondingly there are few types of cell role switch assuming cell A and cell B belongs to same cell group always:
Type 1: PCell Scell
Type 2: pSCell Scell
Type 3: Scell 	Scell
Type 3 is not a valid case since cell role is not changed. When both cell A and cell B are scell, RRC procedure is not necessary needed i.e. based on physical layer measurement/report network only decide to schedule either cell A or cell B or both. 
RRC reconfiguration with reconfigurationWithSync is necessary for both type 1 and type 2 cell role change in current spec. The questions whether this part can be optimized as such that user plane performance should not be impacted or with much less impact. For example, to enable switch between cell A and cell B by L1/L2 signaling, pre-configuration of candidate PCell or pSCell should be allowed. The benefit of the L1/L2 signaling is low latency of the switch but it will also bring new issues e.g. reliability of signalling, security issue, interaction with normal handover procedure etc.
Comparison between option1 and option2
The table 1 captures the difference between option1 and option 2 w.r.t. to RAN2 impactL
	Scenarios
	MTRP-Like scenario
	HO-Like scenario

	Modelling Options
	Option1
	Option2
	Option1 
	Option 2

	SDAP/PDCP/RLC
	No impact
	Maybe impacted by HO like procedure
	No impact
	Maybe impacted by HO like procedure

	MAC
	New MAC CE maybe needed
	No impact
	New MAC CE maybe needed
	No impact

	RRC-mobility
	No impact
	RRC procedure may be needed or optimized
	No impact
	RRC procedure may be needed or optimized

	RRC-configuration
	Beam management relevant parameters of another TRP
	No impact
	Beam management relevant parameters of another TRP
	No impact

	RRM
	RS from both TRP are involved
	No impact
	RS from both TRP are involved
	No impact

	RLM/RLF
	RS from both TRP are involved
	No impact
	RS from both TRP are involved
	No impact

	Uplink synchronization
	It is assumed timing difference between TRP A and TRP B is not beyond CP length
	It is assumed timing difference between TRP A and TRP B is not beyond CP length
	It is assumed timing difference between TRP A and TRP B is not beyond CP length
	It is assumed timing difference between TRP A and TRP B is not beyond CP length


Table1 comparison between option 1 and option 2 on RAN2 impact
For option2, it is obvious that cell change can be handled by legacy handover procedure at the cost of long interruption time and low spectrum efficiency due to flush of user plane protocol stack. With this approach the RAN2 impact is minor but contradicts with the intention of L1/L2 mobility. In order to not flush the user plane protocol stack and reduce the interruption time to minimum, then some optimization on RRC layer and MAC/PHY layer is needed which however bring quite a lot work in RAN2. Note in RAN1, it is obvious option 2 will bring more work load for RAN1. L1/L2 mobility issue is 1 of the 6 sub-topics of one MIMO issues and there are 8 issues in Rel17! In order to complete the work in RAN1 and RAN2 in time, it will be straight way to go for option 1.
Conclusion 
By comparing between optioni1 and option2 in this paper, it is clear that RAN2 should go for optoin1 to finish the relevant work in both RAN1 and RAN2 in time.
Proposal: To model TRP A and TRP B in both MTRP-Like and HO-Like scenario as different TRP of same cell but with different PCI. 
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