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1
Introduction
RAN3 received two LSs from RAN1 regarding Rel-17 feMIMO topic. The LS in [1] lists current RAN1 agreements on the WI, while the LS in [2] raises multiple questions, including some expecting RAN3 input.

In this contribution, we discuss some of the RAN3 implications regarding the LS content, and provide a potential LS reply to RAN1 questions addressed to RAN3. 

2
Discussion

2.1
Contents from the incoming LS from RAN1
The LS from RAN1 in [2] comprises of six broad questions (with multiple sub-questions each) concerning the usage of "non-serving cell" for L1/L2 mobility, which can be categorized as follows:
1. Protocol impacts (Q1 and Q2, RAN2 only)

2. CU/DU-split impacts (Q3 and Q4, RAN2 and RAN3)

3. CA and RF impacts (RAN2 and RAN4).
Although several questions are not directed to RAN3, some assumptions on these are required for discussion of this topic, and hence the full set is included below for reference. The questions directed to RAN3 are highlighted in yellow.
(1) Questions regarding Protocol Impacts
	Question 1: In regard of serving cell, 

1. Is there a need for a UE to change a serving cell for DL reception from or UL transmission to another (non-serving) cell, at least on UE-dedicated PDSCH, PDCCH, PUSCH, and PUCCH? 
2. If so, how can the addition, release or change of a non-serving cell for DL reception and/or UL transmission be done? For example, would any of such actions require L3 handover and/or selection/activation among pre-configured candidate cells from RAN2 perspective?
3. If so, how can the TCI states associated with the previous serving cell be handled?
4. If so, what is the impact on the system information reception by the UE?
5. If so, what is the impact on the RACH and PUCCH-related procedures and configurations?
6. If not, what is the impact on the applicable use cases? That is, in what scenarios can the UE be configured for DL reception from or UL transmission to another (non-serving) cell, at least on UE-dedicated PDSCH, PDCCH, PUSCH, and PUCCH, if the serving cell does not change?
Question 2: In regard of RRC configuration, RAN1 is discussing whether to allow a UE to be configured for DL reception from or UL transmission to a non-serving cell on UE-dedicated PDSCH, PDCCH, PUSCH, and PUCCH. From RAN2 perspective

1. Depending on the answer to question 1-1, what would be the impact of allowing the UE to transmit and/or receive on some or all of those channels and which RRC parameter(s) would need to be reconfigured for the UE? 
2. Is it feasible to update some of the above RRC parameter(s) via dynamic signaling (e.g. MAC CE and/or DCI, potentially selecting pre-configured values) without any additional RRC reconfiguration signaling?


(2) Questions regarding CU/DU-split impacts

	Question 3: In regard of C-RNTI:

1. Is there a need to assign a UE a separate C-RNTI for DL reception from and UL transmission to a non-serving cell, or can the same C-RNTI from the serving cell be reused, at least for transmission and reception on UE-dedicated PDSCH, PDCCH, PUSCH, and PUCCH? 
2. In restricting the use of the same C-RNTI for serving and non-serving cells, what would be the impact in applicable use cases and/or required specification support, if any?
3. If separate C-RNTIs are considered necessary in some cases, for serving and non-serving cells, how would this be configured for UE, i.e. is RRC reconfiguration signaling or some other (dynamic) signaling needed for configuring the separate C-RNTI(s)?
Question 4: In regard of CU-DU split, from RAN2/3 perspective, is there any difference between supporting intra-DU only and supporting inter- in addition to intra-DU, in terms of the following? 
1. The associated RAN2 specification impact,
2. Applicable use cases (e.g. deployment scenarios), and 
3. Network inter-operability (e.g. across different gNB vendors)


(3) Questions regarding CA and RF impacts
	Question 5: In regard of CA issues, RAN1 is discussing whether the operation is supported only for intra-band CA scenario (i.e. UE is configured to operate with serving and non-serving cells that belong to the same frequency band) or for both intra-band CA and inter-band CA scenarios. Note that one common TCI state ID associated with a non-serving cell, if supported, may be optionally applied for CCs in a band.

1. Are there specific RAN2/4 issues (including higher-layer impact) that need to be considered for deciding  between the two alternatives? 
Question 6: In regard of inter-frequency issues, from RAN2/4 perspective, what would be the higher-layer and RRM impact assuming inter-frequency scenarios as opposed to intra-frequency scenarios? For intra-frequency scenario, it is assumed that SSBs of non-serving cells have the same center frequency and SCS as the SSBs of the serving cell.

· Note: RAN1 has agreed to support intra-frequency scenarios, whereas the support for inter-frequency scenarios is still for further study.


2.2
Background
The scenario under discussion labelled as “L1/L2-centric mobility” in the LS focuses on intra-gNB cases and comprises two aspects to our understanding. 
· Firstly, an extension to the multi-TRP work carried out in Release 16 which was limited to same-cell scenario (i.e. reception of multiple TCI states as long as they used the same PCI), with intention to extend this concept to inter-cell. 
· Secondly, changes related to provide a mechanism to address inter-cell mobility (i.e. change of serving cell) without L3 intervention and, avoiding reconfiguration with synch procedure.
One way to visually represent these two aspects is as depicted in Figure 1, where we can generalize to two broad scenarios 

· Scenario 1 (inter-cell multi-TRP): UE[A] locates at an intersecting point between two cells, in which beams corresponding to the serving cell (cell A), and beams corresponding to a non-serving cell (cell B) would be able to reach the UE. Assuming  multi-TRP extension work in Rel 17 to address an inter-cell case, such UE could in theory perform a TCI state change and utilize beams from the non-serving cell (cell B) despite keeping the same serving cell (cell A). This in our understanding would require the UE to utilize beams with different PCIs.
· Scenario 2 (L1/L2 based inter-cell change): UE[B] having originally started on cell A, after mobility it locates at an area no longer reachable via cell A, and is reachable only via beams from cell B. We understand this scenario as an inter-cell mobility in which the change in serving cell from cell A to cell B occurred based on L1/L2 attempting to take advantage from a faster change in serving cell compared to that of, the existing L3 mobility mechanism and by avoiding a reconfiguration with synch. The resulting state for this UE would be to have cell B become the serving cell after the mobility. This in our understanding would require some mechanism to “pre-configure” target cell details beforehand to the UE (e.g., possibly resembling CHO mechanism).
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Figure 1. Inter-Cell Multi-TRP and Inter-Cell Mobility (source: R2-2102870)
2.3
Questions regarding CU/DU-split impacts (Q3 and Q4)
Even though the overall design and protocol changes lies in RAN1 and RAN2, both techniques under discussion will incur changes to the RAN3 specifications in case of disaggregated architecture, with impacts to both F1 and E1, and which will not be negligible. Similarly, these impacts will be unavoidable regardless of whether the scenario focuses only on the intra-DU case, or whether it also includes the intra-gNB inter-DU case. Although both the intra-DU and inter-DU scenarios will impact F1 interface, the extent of changes is quite different. The changes for the intra-DU scenario are mainly to pre-configure resources and parameters simultaneously for one or more cells a priori which can potentially be carried together with existing messages without altering signalling flows. In addition, a notification might be necessary from DU to CU, post the serving cell change. However, generally speaking, the inter-DU scenario would require several more changes in order to convey parameters and configurations applicable from a first DU, pass it to the gNB-CU, and subsequently to a second DU over two F1 interfaces likely affecting legacy behaviour and signalling flows for many scenarios. From an organizational perspective, RAN3 has thus far not allocated TUs for  the feMIMO WI item. In that sense, we believe that even if limited to addressing the intra-DU scenario, RAN3 will require a time allocation to handle this topic and consider possible implications to legacy behaviour in backwards compatible manner. 

Observation 1: RAN3 understands the scope of the L1/L2-centric mobility topic in Release 17 as encompassing two scenarios, (a) inter-cell Multi-TRP, and (b) L1/L2 based inter-cell change.
Observation 2: In case of disaggregated gNB architecture, both the (a) inter-cell Multi-TRP, and (b) L1/L2 based inter-cell change techniques will incur impacts to RAN3 F1 (and possibly also E1) specifications regardless of whether the deployment scenario focuses on intra-DU or also includes intra-gNB inter-DU deployment scenario. 

Observation 3: RAN3 thus far has no TU allocated for feMIMO WI which includes the L1/L2-centric mobility topic in Release 17. 
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Figure 2. Disaggregated gNB Architecture (source: TS 38.401)
Concerning Question 3 on C-RNTI 
From a RAN3 perspective, the C-RNTI is derived at the gNB-DU per cell and informed to the gNB-CU either during initial attach or during UE context setup (e.g., during mobility or MR-DC). The assumption in RAN3 has been that the C-RNTI is a unique value within a gNB-DU and it is not expected that C-RNTI values are reused across cells belonging to the same gNB-DU. Thus, we envision that to the extent possible, it is preferable to keep the current framework where gNB-DU is in position to determine the C-RNTI per each cell for a given UE on its own. In contrast, if C-RNTI reuse is required, for the inter-DU scenario at the minimum, we foresee changes required over F1 for the gNB-CU to assist the DU hosting the “non-serving cell” to allocate the same value. Similarly, likely an additional mechanism to “release” no longer used values would be necessary, as well as another to refresh the C-RNTI in case the “non-serving cell” becomes the serving cell. 
Observation 4: RAN3 assumes that the gNB-DU assigns a different C-RNTI for each cell. 
Proposal 1: RAN3 recommends that RAN1/RAN2 defines the L1/L2-centric mobility techniques in a way to allow transmission toward cells with a different C-RNTI assigned. 
Concerning Question 4 on CU/DU-split implications for intra-DU and intra-gNB inter-DU deployments

In the disaggregated architecture, gNB-CU comprises of RRC/PDCP/(SDAP) protocol layers, while the gNB-DU comprises of RLC/MAC/PHY protocol layers. Similarly, there is an expected cardinality in architecture that a gNB-DU can only interface toward an active gNB-CU-CP for control-plane, and toward multiple gNB-CU-UPs for user-plane. This has several implications that would affect how the techniques for L1/L2-centric mobility are utilized. The following table highlights some of them.
Table 1. Some Implications for L1/L2-centric Mobility for Disaggregated gNB Architecture
	Implication
	Inter-cell multi-TRP
	L1/L2 based inter-cell change
	Remarks for Intra-DU scenario
	Remarks for Inter-DU scenario

	L1/L2 Configuration
	X
	X
	
For both scenario 1 and 2, the initial L1/L2 configuration comes with limited complexity. 
A potential subsequent issue is when and for how many cells, RRC configuration(s) are provided to the UE. 

Inside the same DU, when considering a different non-serving cell, what is allowed to change and what is not, in the context of scenario 1 and 2.
	For both scenario 1 and 2, L1/L2 configuration is generated and informed by gNB-DU via CellGroupConfig IE to the gNB-CU. This IE is only optionally decoded by the gNB-CU. Therefore, while the gNB-CU may have the capability to read its contents, RAN3 does not mandate it, and hence the gNB-CU is allowed to transparently forward these contents to a UE as is via RRC. Consequently, if any of its contents are required at gNB-CU to signal and inform these to a different gNB-DU, these would likely need to be incorporated as additional IEs within F1AP (and possibly E1AP).

	Mobility Load Balancing
	X
	X
	Limited complexity as current L1/L2 load for different cells will be known if hosted by the same gNB-DU, and if limited to non-GBR bearers. Support for GBR bearers will increase complexity as some sort of overbooking mechanism will be required to account for transmission of these bearers at the “non serving cell”.
	For scenario 1, Load Balancing periodic and event triggered reports from a gNB-DU are exchanged only to the gNB-CU and unknown to neighbouring gNB-DUs. Therefore, load condition and potential effect from data transmission via a cell on a different gNB-DU are unknown to the gNB-DU hosting the serving cell currently handling the UE. Furthermore, handling of GBR bearers will be complex both from resource allocation perspective as well as admission control, given that any GBR bearers established in the “serving-cell” would require a similar service level and guaranteed bitrate when transmitted over the “non-serving cell”.
For scenario 2, serving cell change without load awareness of the target may result in failures.

	System Information
	X
	
	System Information is split between gNB-DU and gNB-CU. The gNB-DU “owns” MIB, SIB1, SIB10, SIB12, SIB13, SIB14, while the remaining SIBs correspond to the gNB-CU. Thus, MIB/SIB1 configuration will be known for cells hosted by the same gNB-DU. 
	For scenario 1, System Information is split between gNB-DU and gNB-CU. The gNB-DU “owns” MIB, SIB1, SIB10, SIB12, SIB13, SIB14, while the remaining SIBs correspond to the gNB-CU. Hence, in an inter-DU scenario, additional handling will be required pertaining broadcast information contained in SIB1 pertaining the initial serving cell (Cell A in Figure 1) is transferred, aligned, accounted, etc. for at the “non-serving cell” (Cell B in Figure 1) if hosted at a different gNB-DU.
For scenario 2, System Information is provided via RRC configuration.

	Radio Link Failure
	X
	
	No particular issue identified yet if cells are hosted by the same gNB-DU.
	RLF is monitored and handled only for PCell at gNB-DU (e.g., by releasing the cell), yet would need additional method to handle an RLF occurring at a “non-serving cell” (Cell B in Figure 1) if hosted at a different gNB-DU

	MR-DC
	X
	
	E.g., Implications to EN-DC relying only on SRB1 and increased signaling from potential “pre-configuration” of target cells to the UE via the Master eNB Node.
	E.g., Implications to EN-DC relying only on SRB1 and increased signaling from potential “pre-configuration” of target cells to the UE via the Master eNB Node.

	Increased signalling over F1 and E1
	X
	X
	In case of intra-DU, similar signalling may be expected to convey parameters and configuration a priori corresponding to “non-serving cells” possibly utilizing existing messages.
	In case of inter-DU case, it is required to align information alignment between gNB-DUs (e.g., pre-configuration of target cells or transferring of parameters between gNB-DUs). This will require passing information from one DU to another DU traversing via the CU (over separate F1 interfaces), as well as pre-allocating resources also at corresponding CU-UPs if capabilities differ between those interfacing each DU. 

Given the main motivation for L1/L2-centric mobility is to fasten and speed up mobility, it is doubtful whether signalling of a variety of information between gNB-DUs via the gNB-CU truly fulfils any advantage over existing L3 mobility and its existing enhanced operation (such as CHO).

	Multi-vendor operation
	X
	X
	Medium complexity, as L1/L2 configurations are hosted by the same gNB-DU.
	Higher complexity and effort to align e.g., signalling and IE settings if aspects of configuration of L1/L2 are to be exchanged between gNB-DUs from different vendors.


All in all, we believe that RAN3 will require specific TU allocation to address this topic for both techniques (a) inter-cell Multi-TRP, and (b) L1/L2 based inter-cell change as part of Release 17 even if limited to the intra-DU scenarios. Likewise, support for the inter-DU scenario incurs significant additional complexity and increase in signalling, for which the potential benefits are not proven to our knowledge compared to what is already achievable with L3 mobility mechanisms and enhancements introduced in Release 16 (e.g., CHO). Therefore, we believe any advantages from the L1/L2-centric mobility for the inter-DU scenario would require to be proven via e.g., simulations prior to engaging in developing a solution to support it in RAN3. 

Observation 6: Support for the inter-DU scenarios incurs significant additional complexity and increase in signalling, for which the potential benefits are not proven compared to what is already achievable with L3 mobility mechanisms and enhancements introduced in Release 16 (e.g., CHO)
Proposal 2: RAN3 should not proceed forward unless a specific TU allocation for study and work on L1/L2-centric mobility techniques within Release 17 is provided.

Proposal 3: RAN3 recommends that RAN1/RAN2 limit the scope of Release 17 to the intra-DU deployment scenario. 
As a final note, in regard to terminology we consider usage of “Non-serving cell” in the RAN1 LS can raise different understandings and is misleading to certain extent. Thus, we recommend that the terms and “what” is a cell considered is clarified within RAN1/RAN2 for each of the stages that would be the foundation for the techniques for L1/L2-centric mobility (e.g., addition of non-serving cell, release of non-serving cell, change of a non-serving cell., change of serving cell, etc.). 

Proposal 4: RAN3 recommends that RAN1/RAN2 clarifies the different “stages” during L1/L2-centric mobility and terminology used regarding “non-serving cell” at each stage in the mobility scenarios (e.g., addition of non-serving cell, release of non-serving cell, change of a non-serving cell., change of serving cell, etc.).
3
Conclusions
Observation 1: RAN3 understands the scope of the L1/L2-centric mobility topic in Release 17 as encompassing two scenarios, (a) inter-cell Multi-TRP, and (b) L1/L2 based inter-cell change.
Observation 2: In case of disaggregated gNB architecture, both the (a) inter-cell Multi-TRP, and (b) L1/L2 based inter-cell change techniques will incur impacts to RAN3 F1 (and possibly also E1) specifications regardless of whether the deployment scenario focuses on intra-DU or also includes intra-gNB inter-DU deployment scenario. 

Observation 3: RAN3 thus far has no TU allocated for feMIMO WI which includes the L1/L2-centric mobility topic in Release 17. 

Observation 4: RAN3 assumes that the gNB-DU assigns a different C-RNTI for each cell. 
Proposal 1: RAN3 recommends that RAN1/RAN2 defines the L1/L2-centric mobility techniques in a way to allow transmission toward cells with a different C-RNTI assigned. 
Observation 6: Support for the inter-DU scenarios incurs significant additional complexity and increase in signalling, for which the potential benefits are not proven compared to what is already achievable with L3 mobility mechanisms and enhancements introduced in Release 16 (e.g., CHO)
Proposal 2: RAN3 should not proceed forward unless a specific TU allocation for study and work on L1/L2-centric mobility techniques within Release 17 is provided.

Proposal 3: RAN3 recommends that RAN1/RAN2 limit the scope of Release 17 to the intra-DU deployment scenario. 
Proposal 4: RAN3 recommends that RAN1/RAN2 clarifies the different “stages” during L1/L2-centric mobility and terminology used regarding “non-serving cell” at each stage in the mobility scenarios (e.g., addition of non-serving cell, release of non-serving cell, change of a non-serving cell., change of serving cell, etc.).
Proposal 1: Agree to capture the observations and recommendations in the reply LS to RAN1/RAN2.
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