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1. Introduction
In RAN plenary 96 meeting, a revised WID[1] for Rel-18 was approved to identify the requirements to support the enhanced FR2-1 UEs with simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier. Both RF requirements enhancement and RRM requirements enhancement are involved in the core part. The objective in the WID is as follows:
	· Introduce necessary requirement(s) for enhanced FR2-1 UEs with simultaneous DL reception with two different QCL TypeD RSs on single component carrier with up to 4 layer DL MIMO
· Enhanced RF requirements:
· [bookmark: _Hlk104922953]Specify RF requirements, mainly spherical coverage requirements, for devices with simultaneous reception from different directions with different QCL TypeD RSs
· The legacy spherical coverage requirement for reception from a single direction will be kept
· PC3 will be prioritized, other power classes should be considered after the PC3 requirements framework is finalized
· Introduce necessary requirement(s) for enhanced FR2-1 UEs with simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier  
· Enhanced RRM requirements:
· The following requirements should be studied and specified if necessary:
· L1-RSRP measurement delay
· L3 measurement delay (both cell detection delay and measurement period can be considered)
· The starting point is the enhancements related to L1-RSRP measurement enhancements
· RLM and BFD/CBD requirements
· Scheduling/measurement restrictions
· TCI state switching delay with dual TCI
· Receive timing difference between different directions (different QCL Type D RSs)
NOTE:
· The case of single TCI is handled as a second priority. Additional aspects related to single TCI can be further revisited.


In last RAN4 meeting, RAN4 has spread extensive discussion around the scope and scenarios of simultaneous multi-panel/multi-beam reception and some agreements were achieved in [2]. 
	Scope and scenarios:
<Agreement >:
· Joint combination of multi-Rx chain with NR-U, RedCap and NTN are not in the scope of the WI.
<Agreement >:
· RRM requirement discussion shall be focused on the case with different QCL TypeD RSs on a single component carrier.
· FFS whether UE can be configured with multiple component carriers, including intra-band CCs and/or inter-band CCs, but multi-Rx chain is enabled on only one of the component carriers.
<Agreement >:
· Clarify the SSB and CSI-RS based simultaneous L1 measurement scenario before making conclusion on scenarios for Rel-18 multi-Rx DL reception, i.e., for simultaneous reception of different QCL type D RSs, what RSs combination(s) can be considered and which scenario(s) it is aimed at.
General aspects:
<Agreement >:
· UE behaviour and capability of handling Rx signal level difference between two channels may be discussed in RF/demodulation session.
· Enhanced RRM requirements for multi-Rx chain UE should maintain the existing accuracy requirements.
<Agreement >:
· Whether to define RRM requirements for activation delay from a single antenna panel to multi-antenna panels should be decided after RF conclusion.
Receiving timing differences:
<Agreement >:
· Not to discuss UL transmission in R18 FR2 multi-Rx WI.


In this document, we provide our further analysis focus on some general and scope issues around simultaneous multi-panel reception.
2. Discussion
2.1 General aspects
Consider for the number of receiving panel, although it is not declared in the specification, actually the FR2 UE requirements are specified oriented toward single-panel UE in Rel-15. 
In Rel-16 and Rel-17, in order to support multi-TRP scenario, some enhancements for receiving beam/panel were achieved:
· Transmission schemes with simultaneous and non-simultaneous multi-beam reception from multiple TRPs/panels were introduced;
· FR2 UE capability for simultaneous multi-beam reception simultaneousReceptionDiffTypeD-r16 was introduced;
The support of FR2 CA with IBM and CBM with simultaneous DL reception on different component carriers was defined. For the UE capable of IBM, actually such UE has the capability of DL simultaneous reception on different UE panels/RF chains using different beams.  
However, no matter Rel-15 or Rel-16/17, not any enhanced RAN4 requirements were defined for FR2 UEs capable of simultaneous multi-panel/beam reception. 
Observation 1: In fact from the perspective of UE capability, simultaneous multi-panel/beam reception has been supported from Rel-16/17, focus on CA scenario. However for this Rel-18 WID, the simultaneous multi-panel/beam reception is oriented to single component carrier scenario.
For RRM impacts caused by simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier, we provide our analysis as bellow.
In last meeting, several general issues were referred to and multiple of them are still suspending. We give our analysis around these issues.
Scenarios for this WI:
To our understand, the main focus would be measurement requirements enhancement since of simultaneous multi-TRP transmissions with respective QCL-typeD. While referring to multi-TRP, RAN1 has the concept of intra-cell mTRP in Rel-16 and inter-cell mTRP in Rel-17. The obvious difference between the two scenarios is whether such mTRPs share a same PCI or not. Referring to the distance between two TRPs, for intra-cell mTRP, the distance between two TRPs is within one cell. However for inter-cell mTRP, the distance between two TRPs is the inter-cell distance like. Both intra-cell mTRP and inter-cell mTRP are in the scope of this WI. So the RRM enhancements should be considered for both intra-cell and inter-cell mTRP.
Proposal 1: Both intra-cell and inter-cell mTRP are within the scope of this WI. 

Spatial MIMO by using one panel:
In our opinion, to enhance the coverage, when multiple panels are equipped, they would provide all beam directions coverage, where each one panel provide partial beam directions coverage. So as to enlarge the coverage, the beam directions covered by each of two panels should be non-overlapped or only very limited overlapped. Based on such understanding, we believe the examples shown in Figure 2, 3, 4 are more attractive cases. If UE needs to receive two RSs with AoA directions close to each other simultaneously, interference would exist. 
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Figure 1: Example deployment, Scenario A.
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Figure 2: Example deployment, Scenario B.
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Figure 3: Example deployment, Scenario C.
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Figure 4: Example deployment, Scenario D.
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Figure 5: Example deployment, Scenario E.
Proposal 2: To avoid interference and enlarge the beam directions coverage via multi-panel simultaneous reception, the coverage of beam directions of each panel are non-overlapped or only limited partial overlapped. 
Further more, the spatial MIMO(either spatial diversity or spatial multiplexing) by using a single panel to receive two independent signals from the same of nearly same direction was discussed in last meeting, similar as shown in Figure 1. The following options were kept in the WF[2]:
	· Option 1: Spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel to achieve two independent signals from the same or nearly the same direction is not the scope of this work item.
· Option 2: How Spatial MIMO (either spatial diversity or spatial multiplexing) is used is up to NW and UE implementation. It is not necessary to explicitly preclude spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel to achieve two independent signals from the same or nearly the same direction from the WI
· Option 3: Spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel to receive two independent signals from the same or nearly the same direction is up to RF conclusion.


Our original view is that the target case in this WI is simultaneous reception from two different beam directions with two panels respectively. While referring to the spatial MIMO by single panel reception, it is not any target enhancement caused by multi-panel simultaneous reception, the legacy UE which is not capable of multi-panel simultaneous reception can support such reception. So it is not the main target scenario for this WI. During last meeting, multiple companies believed whether this implementation is supported or not should bu up to RF conclusion, we are fine about it. So we can wait for the conclusion in RF session.
Proposal 3: Whether support spatial MIMO by using one panel to receive two independent signals from the same or nearly same direction, which is up to RF conclusion.

How to interpret ‘simultaneous DL reception’:
When we say simultaneous DL reception, which means reception from both panels with independent beam direction respectively. 
Based on common understanding, we usually believe coarse beam is used for RRM measurement so as to train the Rx beam, while fine beam is used for L1 measurement and data reception so as to realize better beam gain. Referring to the possible combination between coarse beam and fine beam, we believe under the assumption of non-overlapped or very limited partial overlapped between the beam direction coverage of each panel, all following candidate combinations are possible: 
1） Simultaneous fine beam reception from panel A and fine beam reception from panel B
2） Simultaneous coarse beam reception from panel A and coarse beam reception from panel B
3） Simultaneous fine beam reception from panel A and coarse beam reception from panel B
4） Simultaneous coarse beam reception from panel A and fine beam reception from panel B
Since according to the WI, the starting point of L3 measurement is the enhancements related to L1-RSRP measurement enhancements, so we can deprioritize combination 2) at this stage.
Proposal 4: Under the assumption of non-overlapped or very limited partial overlapped between the beam direction coverage of each panel, all following candidate combinations are possible: 
· Simultaneous fine beam reception from panel A and fine beam reception from panel B
· Simultaneous fine beam reception from panel A and coarse beam reception from panel B
· Simultaneous coarse beam reception from panel A and fine beam reception from panel B
This issue is related with the issue of simultaneous L3 measurements and L1 measurement. In our opinion, simultaneous L3 measurement and L1-RSRP/RLM/BFD/CBD measurement is possible and feasible by multi-panel Rx.
Proposal 5: Simultaneous L3 measurement and L1 measurement should be supported in this WI.

Support of single-DCI and/or multi-DCI:
Regarding this issue, the following options were kept in the WF[2]:
	· Option 1: Define RRM requirements depending on UE behaviour for single-DCI and multi-DCI multi-TRP operation
· Option 1a (vivo, Xiaomi, Nokia): Multi-DCI multi-TRP operation should not be precluded from RRM requirements perspective.
· Option 1b (LGE, Nokia): Consider RRM requirements such as scheduling restrictions and interruption for single DCI and multi-DCI based multi-TRP operations.
· Option 1d (Samsung, NTT DOCOMO): For RRM requirements specified for UE supporting simultaneous DL reception from different directions, both UE behaviour for single-DCI and multi-DCI multi-TRP operation, while single-DCI is adopted as a basline to be studied first.
· Option 2: Whether to down-select some scenarios of multi-TRP can be further discussed after general assumption with respect to TRP are clarified
· Option 3: Define RRM requirements for single-DCI multi-TRP operation only.


We believe both single-DCI and multi-DCI are within the scope of this WI. No matter single-DCI or multi-DCI, the combination is data + data, it is not sure the whether any difference exists between single-DCI and multi-DCI from the perspective of RRM requirements. So we are not sure the motivation of down-selection between such two DCI modes. So we prefer Option 1.
Proposal 6: We are not sure the motivation of down-selection between such two DCI modes. We can not see difference between single-DCI and multi-DCI from the perspective of RRM. So we believe both single-DCI and multi-DCI should be supported.
2.2 Receiving timing difference
After the discussion in last meeting, the following options were kept in the WF[2]:
	· Option 1: The receive timing difference between different directions is within CP in R18.
· Option 1b (Qualcomm, Apple): Receive time difference for configured different QCL Type D RSs is not larger than CP. FFS whether and how much additional margin within the CP length is needed.
· Option 2: The receive timing difference between different directions is within CP at least. FFS whether to define requirements with timing difference larger than CP.
· Option 3: Consider receive time differences larger than CP.
· The multi-RX UE can support independent time and frequency tracking for each Rx chain.
· Option 4 (Tentative agreement in GTW): The receive timing difference considered for data reception and L1 measurements between different directions (2AOAs) is within CP
· Receive time differences between any configured different QCL Type D RSs is not larger than CP.
· FFS whether to define requirements with timing difference larger than CP.


Firstly the case of receiving timing difference within CP should be mainly considered for simultaneous multiple reception from different directions. During the FeMIMO discussion in Rel-17, for both intra-cell and inter-cell cases, the condition of receiving timing difference within CP is always assumed. 
Proposal 7: The case of receiving timing difference within CP should be baseline for simultaneous multiple reception from different directions.
The controversy is whether to support the case of receiving timing difference beyond CP in this WI. In our opinion, which is closely related with the supported scenario. If inter-cell mTRP is decided to be included in this WI, then the possibility of the receiving timing difference larger than CP exists. From the perspective of UE architecture, based on the assumption of independent RF chain and BB for multi-panel case, not applying any restriction on receiving timing difference is feasible.  
Proposal 8: If inter-cell mTRP is decided to be included in this WI, then the possibility of the receiving timing difference larger than CP exists. 
Proposal9: From the perspective of UE architecture, based on the assumption of independent RF chain and BB for multi-panel case, not applying any restriction on receiving timing difference is feasible.
Further more, considering the determination of receiving timing difference, which includes BS TAE and propagation delay difference. So the total receiving timing difference can be seen as a trade-off between BS TAE and propagation delay difference. If we aim to control the total value within CP and support the inter-cell scenario at the same time, then smaller BS TAE should be guaranteed.
Proposal 10: The total receiving timing difference can be seen as a trade-off between BS TAE and propagation delay difference. So as to control the total value, then smaller BS TAE should be guaranteed if not restrict the deployment of inter-cell scenario.

3. Conclusion
In this contribution, we have the following observation and proposals for RRM core requirements for simultaneous DL reception from different directions:
Observation 1: In fact from the perspective of UE capability, simultaneous multi-panel/beam reception has been supported from Rel-16/17, focus on CA scenario. However for this Rel-18 WID, the simultaneous multi-panel/beam reception is oriented to single component carrier scenario.
Proposal 1: Both intra-cell and inter-cell mTRP are within the scope of this WI. 
Proposal 2: To avoid interference and enlarge the beam directions coverage via multi-panel simultaneous reception, the coverage of beam directions of each panel are non-overlapped or only limited partial overlapped. 
Proposal 3: Whether support spatial MIMO by using one panel to receive two independent signals from the same or nearly same direction, which is up to RF conclusion.
Proposal 4: Under the assumption of non-overlapped or very limited partial overlapped between the beam direction coverage of each panel, all following candidate combinations are possible: 
· Simultaneous fine beam reception from panel A and fine beam reception from panel B
· Simultaneous fine beam reception from panel A and coarse beam reception from panel B
· Simultaneous coarse beam reception from panel A and fine beam reception from panel B
Proposal 5: Simultaneous L3 measurement and L1 measurement should be supported in this WI.
Proposal 6: We are not sure the motivation of down-selection between such two DCI modes. We can not see difference between single-DCI and multi-DCI from the perspective of RRM. So we believe both single-DCI and multi-DCI should be supported.
Proposal 7: The case of receiving timing difference within CP should be baseline for simultaneous multiple reception from different directions.
Proposal 8: If inter-cell mTRP is decided to be included in this WI, then the possibility of the receiving timing difference larger than CP exists. 
Proposal 9: From the perspective of UE architecture, based on the assumption of independent RF chain and BB for multi-panel case, not applying any restriction on receiving timing difference is feasible.
Proposal 10: The total receiving timing difference can be seen as a trade-off between BS TAE and propagation delay difference. So as to control the total value, then smaller BS TAE should be guaranteed if not restrict the deployment of inter-cell scenario.
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