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1. [bookmark: _Ref165266342]Introduction
Rel-17 NR FeMIMO WI is a RAN1 leading WI to further enhance MIMO technique for NR, in which one of the objectives is listed as following: 
1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1:
a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection

And in RAN1#104e meeting, RAN1 sent a LS (R4-2104455/R1-2102248) on TCI State Update for L1/L2-Centric Inter-Cell Mobility to RAN2/3/4 to ask issues of the support of L1/L2-centric inter-cell mobility. It is noted that in the LS questions 5 and 6 (related to frequency band and CA) can also benefit from additional answers from RAN4. Therefore, in this contribution, the questions pertinent to RAN4 part shall be discussed based on the WF R4-2105838 agreed in last meeting (RAN4#98bis-e). A draft LS is also attached as a basis version for the RAN4 reply.

2.1 Discussion
Since it is a new feature introduced and the RAN1 LS is not clear to RAN4, we need to clarify what did RAN1 ask first. 
One of the objectives of the FeMIMO WID is to “Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility and/or a larger number of configured TCI states.”
Then for the LS, the idea being that as the user moves from the range of one cell (e.g. the serving cell) to the range on the next cell (e.g. non-serving cell), it switches to beams of the non-serving cell, without the involvement of RAN3 handover procedure (to reduce latency). For example, this can be done by updating the TCI state of the UE to use the beams of the non-serving cell.
And for now, RAN1 has decided to support at least intra-frequency scenario where common channels (on SC) and dedicated channels (on NSC) are in the same frequency layer. Also intra-band CA case is assumed by RAN1 where common channels (on SC) and dedicated channels (on NSC) are in the same frequency band. For this LS (Impact of L1/L2 centric mobility on RAN4), we think RAN4 needs to consider the following issues and discuss their impacts from RAN4 perspective, involving:
· Measuring a “measurement RS” from the non-serving cell and reporting the measurement results (e.g. RS ID and quality metric) to the network. So far only SSB has been agreed as a measurement RS.
· Indicating an RS transmitted by the non-serving cell as the source RS for DL QCL Type-D or uplink Tx spatial filter in a TCI state. 
In short, the operation (in the LS) we discussed is "Measuring, reporting and indicating a TCI state on the NSC." We could discuss the impact of the operations on RAN4. 
On the other hand, we should note that the purpose of indicating a NCS TCI state to UE is aming at simultaneous transmission on multi-TRP. In most RAN1 understanding, it is equivalent to "UE simultaneously transmission on common channels (CCHs for SC) and dedicated channels (DCHs for NSC) " to the operation (actually TBD, whether transmission to NSC need a RAN1 to reach an agreement).

Observation 1: 
RAN4 discuss on the LS with regard to at least these three aspects from RAN4 perspective:
· Measurement on NSC and reporting of the measurement; and
· Operations for indicating a TCI state referring to RSs on the NSC; and
· Simultaneous transmission schemes for enabling inter-cell multi-TRP operations.

In the last meeting, many analyses have been presented for diverse aspects regarding to the LS and the new feature. We need to discuss on the LS reply more systematically. 
The most direct and straightforward issues is L1 measurement on NSC. Requirements for L1 measurement on NSC for beam reporting now is missing in RAN4. If RAN1 made up its mind to add the feature of NCS measurement reporting, then RAN4 need to define the requirement for L1 NSC measurement requirement, perphaps including capability, procedure and accuracy. This would be a big issue and realted to UE RF and RRM capabilities. It is open to discuss in the R17 future discussion. Also in last meeting RAN1 asked RAN4 about NSC measurement time sync issue and sent an LS [3], it would also be considered in this meeting.
For the TCI state, the RAN4 requirement is regarding to TCI state switching delay. And even though, the requirement is actually come from RAN1 spec. So we need to wait for further agreement and requirement for TCI state switching and the detailed approaches to implement NSC TCI indication. From RAN4 perspective, currently we could discuss on the BWP switching and changing of Tfirst-SSB. In general, a longer switching delay may be expected. RAN4 could further analyze the impact on TCI state indication and switching after more detailed design from RAN1 and RAN2.
One more important part is simultaneously transmission for enabling the Multi-TRP operation. Here multi-TRP operation may denote transmission to SC and NSC at the same time, which is decided by RAN1 final decision. If it is the case, RAN4 needs to evaluate how to support UE inter-cell FR2 simultaneous transmission. However, we do not know what does RAN1 means exactly “Multi-TRP operation”. Therefore, RAN4 could ask RAN1 about their understanding to further continue the RAN4 discussion.

Observation 2: Three aspects could be discussed in RAN4 as above analyzed.

Proposal 1: RAN4 could ask RAN1 what is RAN1’s understanding on “simultaneously transmission for enabling the Multi-TRP operation” before further discussion related issues in FeMIMO WI.

2.2 Views on RAN1 LS R1-2102248
In this section we continue to share our views on the questions 5 and 6 raised by RAN1 [1]. In the LS questions 5 and 6  can benefit from additional answers from RAN4.

	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.



Question 5 and 6 is explicitly related to L1/L2 inter-cell mobility and explicitly related to simultaneous transmission for inter-cell multi-TRP operations. This is a quite large issues and RAN4 need to discuss the impact in many different scenarios. However, it is only a LS and its purpose is to let RAN1 know RAN4’s potential impact to let RAN1 make their design. If we comprehensively discussed all possible scenarios before we reply the LS, it takes too much time and we cannot reply the LS in time. Hence we suggest for LS reply purpose we could discuss in a typical scenario.

Proposal 2: In order to reply RAN1 in time and help RAN1 make decision, RAN4 could first discuss on a typical scenario for LS reply purpose only; other scenarios would not be precluded and could be discussed in R17 FeMIMO WI.

With regard to the typical scenario, we suggest consider RAN1’s assumptions and the purpose of this feature. Since the feature is talking about “mobility” and “beam-based handover”, the typical scenario should be non-collocated inter-cell and operation in FR2.
A critical problem is that RAN4 cannot reach the consensus of what is “CA scenarios” quoted in RAN1 LS. Many assumptions are proposed in RAN4 but we cannot decide it. Thus we could ask RAN1 what is “CA scenarios” and discuss on the possible scenarios in LS reply.

Proposal 3: Dedicated scenario, for LS reply purpose, considers FR2 operation and non-collocated cells only.

Proposal 4: 
RAN4 reply the LS following the basic principles below:
· To Q5: Analyze intra-band and inter-band CA cases, respectively, from current RAN4 understanding, considering UE capacity of IBM; 
· To Q6: Mention the impact of L1 measurement and TCI state, including MG, SMTC, reference timing, switching delay, etc.;
· Ask RAN1 what is RAN1’s understanding of simultaneous transmission for enabling inter-cell multi-TRP operations (may include multiplexing mode).

Considering the analyses above we also provide an example LS reply for further discussion, as attached in Section 5.
3. Conclusion
In this document, we provided our view towards the RAN1 LS on L1/L2 inter-cell mobility R1-2102248 [1], and we observe and propose as the following:
Observation 1: 
RAN4 discuss on the LS with regard to at least these three aspects from RAN4 perspective:
· Measurement on NSC and reporting of the measurement; and
· Operations for indicating a TCI state referring to RSs on the NSC; and
· Simultaneous transmission schemes for enabling inter-cell multi-TRP operations.
Observation 2: Three aspects could be discussed in RAN4 as above analyzed.
Proposal 1: RAN4 could ask RAN1 what is RAN1’s understanding on “simultaneously transmission for enabling the Multi-TRP operation” before further discussion related issues in FeMIMO WI.
Proposal 2: In order to reply RAN1 in time and help RAN1 make decision, RAN4 could first discuss on a typical scenario for LS reply purpose only; other scenarios would not be precluded and could be discussed in R17 FeMIMO WI.
Proposal 3: Dedicated scenario, for LS reply purpose, considers FR2 operation and non-collocated cells only.
Proposal 4: 
RAN4 reply the LS following the basic principles below:
· To Q5: Analyze intra-band and inter-band CA cases, respectively, from current RAN4 understanding, considering UE capacity of IBM; 
· [bookmark: _GoBack]To Q6: Mention the impact of L1 measurement and TCI state, including MG, SMTC, reference timing, switching delay, etc.;
· Ask RAN1 what is RAN1’s understanding of simultaneous transmission for enabling inter-cell multi-TRP operations (may include multiplexing mode).
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1. Overall Description:
In RAN1#104e meeting, RAN1 sent a LS (R4-2104455/R1-2102248) on TCI State Update for L1/L2-Centric Inter-Cell Mobility to RAN2/3/4 to ask issues of the support of L1/L2-centric inter-cell mobility. In the LS questions 5 and 6 (related to frequency band and CA) can also benefit from additional answers from RAN4.
In RAN4 #98-bis-e and #99e, RAN4 discuss on the LS based on the current RAN4 understanding. RAN4 thanks RAN1 for their inquiry and would like to provide the following reply to the question 5 and 6.
· Note1: FeMIMO WI has just started to discuss in this RAN4 meeting. More RAN4 understandings or designs may be sent to RAN1 if needed depending on RAN4’s agreement in future.
· Note2: In this LS reply we only discussed on FR2 and non-collocated case. Other scenarios are not precluded and will further discuss in RAN4 FeMIMO WI.

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.
2. Are there specific RAN2/4 issues (including higher-layer impact) that need to be considered for deciding  between the two alternatives? 
RAN4 reply to Question 5:
For intra-band non-collocated (SC and NSC) FR2 scenario, RAN4 would like to kindly ask RAN1 what are the assumptions for fulfilling the simultaneous common channels and dedicated channels transmissions for further RAN4 evaluations. From RAN4 perspective, it can be supported by RAN4 only if common channels and dedicated channels transmissions are TDMed. For intra-band, RAN4 would like to kindly ask RAN1 if it is the same as UE configured with intra-band CCs on both SC and NSC.
For inter-band non-collocated (SC and NSC) FR2 scenario, L1/L2 centric mobility may be supported by RAN4 if UE is capable of IBM (Independent Beam Management). The requirement for inter-band CA via IBM is an ongoing topic in RAN4 RF and RRM session. For FR1 inter-band, there is no such a limitation. In this case, it is the same as intra-band case.
If the intra-band and inter-band case can be regarded analogous to L1/L2 UE CA case (configure CCs onto both SC and NSC), timing requirements (MTTD, MRTD, etc.) for CA UE may need to be further considered in RAN4. If not, what is the differences between intra-/inter-band L1/L2 mobility case and UE CA case (multi CCs configured) from RAN1 perspective?

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.
RAN4 reply to Question 6:
To support L1/L2 centric mobility, UE requirements for L1 measurement on NSC for beam reporting is currently not defined in RAN4. For inter-frequency case, measurement gap may be needed and to be shared by L1 measurements, which leads to UE measurement performance degraded and may cause the interruption to other CCs. Thus, enhanced UE capability of measurement may need to be considered. For intra-frequency case, it can be seen as inter-cell mTRP, but its requirement for FR2 is incomplete. In addition, RAN4 also need to consider L1 measurement timing reference on non-collocated NSC.
In general, a longer TCI state switching interruption as well as delay may be expected to support L1/L2 centric mobility. RAN4 will further consider the impact (e.g. of BWP switching, of SCell activation, etc.) on TCI indication and switching from RAN4 perspective.

2. Actions:
To: RAN1
ACTION: 	RAN4 respectfully asks RAN1 to take the RAN4 reply into consideration. And RAN4 asks if RAN1 could provide some clarifications or assumptions for CA scenario of L1/L2 centric mobility and inter-cell Multi-TRP, from which further RAN4 discussion could benefit. 
RAN4 question to RAN1:
RAN4 would like to kindly ask RAN1 what are the assumptions and understandings for fulfilling the simultaneous intra-/inter-band common channels and dedicated channels transmissions for enabling inter-cell Multi-TRP operations. There are too many different understandings in RAN4 thus RAN4	needs to know what is transmission scheme for enabling inter-cell multi-TRP operation before discuss on related issues

3. Date of Next TSG-RAN WG4 Meetings:	
TSG RAN WG4 Meeting #100-e                       16th – 27th Aug., 2021		E-meeting
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