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1. Introduction
During the RAN4#104-e meeting the multi-RX chain topics have been fully and expressly discussed. A WF [1] was agreed after the discussion to capture all the issues raised by the companies. Hence in this paper, we give further analysis on the general aspects.
2. Discussion
There are quite a lot of issues marked as general issues in the WF [1]. 
2.1 General principles
For the general principles, it has been captured in the WF as:
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For the TAGs, currently RAN1 is discussing different TAs for MIMO case within one carrier which will be the Rel-18 new feature. However, the RAN4 WID for multi-RX chain which focus on the single carrier case should not expand the scope too much to cover the Rel-18 features, hence only one TAG is proposed.
Proposal 1: Only one TAG is proposed.
For the antenna panel, we agree that different antenna implementation will have great impact on the requirements. A similar UE RF requirement which is spherical coverage has also encountered the same question and the final solution to define the requirement is to both consider the one panel and two panel requirement and take the average value of all. The logic behind the way the spherical coverage requirement is defined is to not introduce the antenna panel concept into the specification because it is moreover an implementation issue for different UE types and models. 
Observation 1: The spherical coverage requirement has considered one panel and two panel case but the concept of panel is not introduced in the spec.
Indeed, the companion discussion in UE RF side for multi-RX chain is also considering the panel discussion. The agreed WF [2] in RF section is captured as below:
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Observation 2: The UE architecture assumption is not decided yet.
From our understanding, currently in both FR2-1 and FR2-2 the implementation is to activate only one beam on one panel. Even though that RAN1 hasn’t have such limit but meanwhile this is the only implementation. So it is needed to agree on the UE architecture assumption first, then 2 panel are set as the baseline and then we can further discuss the UE RF and RRM requirement. Whether to include the panel concept in the core requirement can be further discussed.
Proposal 2: To agree on 2 panel as baseline for multi-RX chain capable UE. 
With that, for the single antenna panel to multi-antenna panel activation delay, we believe this is the RF requirement. From RRM perspective, this can be the scenario as single antenna reception TCI state switching to Dual-TCI state switching delay and should only consider the base band processing time leaving the panel activation delay decided in RF part.
Proposal 3: The panel activation delay requirement will be decided by RF part while the TCI state switching delay should include the scenario from one TCI state to Dual-TCI state switching delay.
Furthermore, the UE architecture discussion is captured as below in [1]:
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In our opinion, to support the multi-RX of 2 DL 4 layers, with the proposal 2 above, that the two sets of antenna panel + AGC + RF front-end should be the baseline assumption. Further demod/RRM capability can be additional UE capability based on the current 2 RX chain capability.
Proposal 4: The scope of a RX chain architecture includes two sets of antenna panel + AGC + RF front-end.

For the spatial MIMO by using one panel, as proposed in our previous discussion, at least the implementation is not supported at this stage hence we also support to exclude this of the WID.
Proposal 5: To exclude spatial MIMO of the scope.
For the scenarios, the inter-cell operation with mTRP is a newly introduced Rel-17 feature. As the Rel-18 WID we believe the inter-cell operation should be included and hence further improvement of this feature can be further discussed,
Proposal 6: To include the inter-cell operations in the scope.
For the FR2 Scell activation delay reduction, currently the RRM enhancement WID is also discussing this topic. However, the requirement is discussed by introducing new reference signals and other methods. While within this multi-RX WID, we try to improve the delay by reducing the beam sweeping time which is quite different from the methods that are under discussion in RRM enhancement WID. Hence it is suggested to keep the discussion of FR2 Scell activation delay reduction by reducing the beam sweeping time and after the conclusion, the requirement improvement can be combined by the two parts discussion.
Proposal 7: To keep the FR2 Scell activation delay reduction discussion together to be discussed in both WID but focus on different methods and have a combined requirement in the end of Rel-18.
2.2 General consideration on defining requirements
Secondly, the general consideration on defining requirements are shown below:
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For the CA discussion, we believe current WID should focus on single carrier without CA at this stage to make the work less complex. 
Proposal 8: To focus on single carrier study of the WID.
For the simultaneous L3 and L1 measurement, since the L1 measurement is using fine beam while the L3 measurement is using rough beam, it is proposed a new capability of the UE besides the multi-RX chain capability to support the simultaneous L1 and L3 measurement.
Proposal 9: To introduce a new capability of the UE besides the multi-RX chain capability to support the simultaneous L1 and L3 measurement.
For the multi-DCI and multi-TCI, despites the discussion as captured above of RRM side, currently, there is another agreement in RF session of the WF [2] as stated below:
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However, we believe that the RRM requirement should not be limited in the single DCI scheme since the single DCI is using a group of TCI states to update the two TCI states of the two TRP while for multi-DCI the different PDCCH and PDSCH for different TRPs will be introduced and hence a totally different scheme is used. Then if we only limit the requirement in single DCI case the RRM requirements especially the TCI state switching delay requirement will be limited a lot. Further discussion of the MAC CE based TCI state switching scenario will be discussed in our companion paper in the TCI state switching agenda.
Proposal 10: Not to limit to the single-DCI multi-TRP operation.
2.3 RTD
The receive timing difference of the agreed WF in [1] is captured as below
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Currently the MRTD requirement are defined for different carriers but for single carrier case which is the limit of the WID, the RTD of different TRP should follow the legacy agreed requirement which is discussed in Rel-16 mTRP of single carrier RTD. In this RAN4 WID, we are not trying to introduce new deployment scenario but to have enhanced RRM requirements with the already introduced Rel-16 UE capability signaling. 
Observation 3: The Rel-18 multi-RX chain enhancement WID is not trying to introduce new deployment scenario.
We have observe that the different TA topic is under discussion in MIMO enhancement WID of Rel-18 hence if further enhancement of larger MRTD considering newly introduced deployment scenario and MIMO operation can be carried out in that WID.
Observation 4: The enhanced MRTD requirement should be discussed in Rel-18 MIMO enhancement WID.
Then we come back to the RTD of two TRPs and the MIMO operation has been discussed in Rel-16 mTRP that the RTD will be within CP which comes from the RAN1 decision. We believe the similar RTD scenario will be kept since no change has been made during the Rel-17 timeline,
Proposal 11: The RTD will be within CP.
2.4 Capability
The UE capability discussion is captured as below in the WF [1]:
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From our understanding, the UE capability has great relation to the assumed UE architecture. In our proposal 4, we have proposed that “The scope of a RX chain architecture includes two sets of antenna panel + AGC + RF front-end.” From this perspective, the simultaneous RS measurement and the PDCCH.PDSCH reception should be supported when the UE indicates the multi-RX chain capability. Hence no more capability is needed for simultaneous reception with different QCL type D RS and PDCCH/PDSCH reception.
Proposal 12: No more capability is needed for simultaneous reception with different QCL type D RS and PDCCH/PDSCH reception.
The current UE capability as simultaneousRxDataSSB-DiffNumerology is captured below and this capability is per UE. In legacy scenarios, FR2-1 UE can have only one beam at a time so there is no discussion on the simultaneous RX with different numerology while currently with the introduction of multi-RX chain capability, the scenario mentioned above will become real. From the definition of the capability, we see no more change is needed to also use it for FR2-1.
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Proposal 13: The simultaneousRxDataSSB-DiffNumerology capability can be extend to FR2-1 without modification.
3	Conclusions
In this paper, we give further discussion on the multi-RX chain WID general issues, the observations and proposals are captured as below:
Proposal 1: Only one TAG is proposed.
Observation 1: The spherical coverage requirement has considered one panel and two panel case but the concept of panel is not introduced in the spec.
Observation 2: The UE architecture assumption is not decided yet.
Proposal 2: To agree on 2 panel as baseline for multi-RX chain capable UE. 
Proposal 3: The panel activation delay requirement will be decided by RF part while the TCI state switching delay should include the scenario from one TCI state to Dual-TCI state switching delay.
Proposal 4: The scope of a RX chain architecture includes two sets of antenna panel + AGC + RF front-end.
Proposal 5: To exclude spatial MIMO of the scope.
Proposal 6: To include the inter-cell operations in the scope.
Proposal 7: To keep the FR2 Scell activation delay reduction discussion together to be discussed in both WID but focus on different methods and have a combined requirement in the end of Rel-18.
Proposal 8: To focus on single carrier study of the WID.
Proposal 9: To introduce a new capability of the UE besides the multi-RX chain capability to support the simultaneous L1 and L3 measurement.
Proposal 10: Not to limit to the single-DCI multi-TRP operation.
Observation 3: The Rel-18 multi-RX chain enhancement WID is not trying to introduce new deployment scenario.
Observation 4: The enhanced MRTD requirement should be discussed in Rel-18 MIMO enhancement WID.
Proposal 11: The RTD will be within CP.
Proposal 12: No more capability is needed for simultaneous reception with different QCL type D RS and PDCCH/PDSCH reception.
Proposal 13: The simultaneousRxDataSSB-DiffNumerology capability can be extend to FR2-1 without modification.
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Issue 1-1-1-3: TAG assumption for uplink transmission
e Proposals
o Option 1: 1 TAG
o Option 2: 2 TAGs
Issue 1-1-1-4: Whether to define activation delay from a single antenna panel to multi-antenna panels
e Proposals
o Option 1: Depending on RF conclusion
o Option 2: Study in RRM session
Issue 1-1-1-5: RRM impact of the UE behaviour using a single antennal panel
e Proposals

o Option 1: FFS RRM impact of the UE behavior using a single antennal panel rather than multi-antenna panels
depending on the AoA of downlink signals from a different direction for power saving.

Issue 1-1-1-6: Spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel

e Proposals

o Option 1: FFS 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.

Issue 1-1-1-8: Scenarios for Rel-18 multi- Rx DL reception
e Proposals
o Option 1: support both intra-cell and inter-cell operation with TRPs located within reasonable intercell distance.

o Option 2: Working on inter-cell operation with TRPs located within reasonable intercell distance after intra-cell
multi-TRP operation work is completed.

o Option 3: intra-cell multi-TRP operation only
Issue 1-1-1-9: How to handle FR2 SCell activation delay reduction by multi-Rx chain simultaneous reception
e Proposals

o Option 1: FR2 SCell activation delay reduction by multi-Rx chain simultaneous reception is handled in this WI,
if necessary.

o Option 2: FR2 SCell activation delay reduction by multi-Rx chain simultaneous reception is handled in RRM
enh3 WI, if necessary.
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2.2.1  UE architecture assumption
Agreement:
B FFS whether the concept of panel should not be explicitly used in core requirements and test configurations.

B FFS whether the single panel should be excluded.
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Issue 1-1-7: UE architectures

* Proposals
o Option 1: The scope of a RX chain architecture includes possible implementations and UE capabilities as below:
= Multiple Antenna panel
= Multiple Antenna panel + AGC
= Multiple Antenna panel + AGC + front-end (time and frequency sync)
= Multiple Antenna panel + AGC + front-end + Demod/RRM
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Issue 1-1-2-1: Single carrier for defining RRM requirements

*  Proposals

o Option 1: RRM requirement discussion shall be focused on the case with different QCL TypeD RSs on a single
component carrier, by excluding downlink CA operation.

o Option 2: UE can be configured with multiple carriers but multi-Rx chain is enabled on only one of the carriers.

Issue 1-1-2-2: Simultaneous 1.3 measurements and 1.1 measurements

*  Proposals

o Option 1: RAN4 to revisit the FR2 SMTC use case for ‘L1 and L3” measurements and ‘serving cell and non-
serving cell’ to reduce measurement latency. Rel-18 FR2 multi-RX chain UE may be able to measure RSs
simultaneously with different QCL-D sources or with different beam assumptions (i.e. narrow and wide beam
assumption)

o Option 2: In R18, the enhanced UE in FR2 is still not required to perform L3 measurements and L1
measurements simultaneously

o Option 3: The issue is discussed under mobility enhancement WI

Issue 1-1-2-3: Support of single-DCI and/or multi-DCI multi-TRP operation

®  Proposals

o Option 1: Define RRM requirements depending on UE behaviour for single-DCI and multi-DCI multi-TRP
operation

o Option 2: Define RRM requirements for single-DCI multi-TRP operation
o Option 3: Define dual TCI state switching requirements for following cases:
= PDCCH non-SFN: Two MAC CE with one for each TCI state
= PDCCH SFN: single MAC CE for two TCI states
=  PDSCH single DCI: single DCI for two TCI states
=  PDSCH multiple DCI: Two DCI with one for each TCI state
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2.1.3 DCI scheme when UE is configured for 2 active TCI states for UE RF requirements
Agreement:

e  Proposal: For setting the UE RF requirement when the UE is configured with 2 active TCI states, single DCI scheme is
adopted as a baseline.
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Issue 1-1-5: Receive time difference

Proposals

o]

Option 1: The timing difference between different panels is at least within one CP. FFS whether to define
requirements with timing difference larger than one CP.

Option la: The condition of receive timing difference between different directions with different TCI of QCL
type-D shall take CP length as baseline.

Option 1b: Receive time difference for configured different QCL Type D RSs is within CP. FFS receive time
difference for configured different QCL Type D RSs is larger than CP.

Option Lc: If we define cases where At > CP then we define a total MRTD budget, where At=TAE +
Apropagation and At < MRTD. This way TAE and Apropagation can be balanced as terms, within the total
MRTD budget.

Option 1d:

= Option a: If keep the assumption of single FFT as in Rel-17, the receive timing difference between
different directions should be not larger the CP length. But the legacy MRTD under inter-band CA
much larger than CP length for FR2-1, which is beyond UE capability.

= Option b: If UE is capable of supporting two FFTs for different TRP or panel/RF chain reception,
the restriction of not larger the CP length can be ignored, so re-using the legacy requirement for
inter-band CA is fine.

Option 2: The receive timing difference between different directions is within CP

Option 2a: Check whether it is available that the maximum receive timing difference between the DL
transmission from two TRPs is within CP according to RAN2 specification.

Option 3: Given that independent RF and BB processing is of necessity to support two distinct AoAs, no
restriction on MRTD between different directions (different QCL Type D RSs) should be provided

Option 4: Study UE RX capability receiving extended MRTD based on non-collocated mTRP deployment
scenario.

Option 5: Clarify the scope of this item and discuss whether existing spec can be modified for multi Rx chain
UE or not under the clarified scope for receive timing difference between different directions.
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Issue 1-1-6: UE capabilities
Issue 1-1-6-1: UE capability of simultaneous reception of measured RS and data

*  Proposals

o Option 1: Consider simultaneous reception of L1/L3 measured RS and data i1f UE supports simultaneous DL
reception from different directions with different QCL TypeD RSs on a single component carrier.

o Option 2: Consider simultaneous reception of L1 measured RS and data if UE supports simultaneous DL
reception from different directions with different QCL TypeD RSs on a single component carrier.

o Option 3: For scenario 2 (two RX beams used for different cells) with multi-RX chain capability. UE can
recetve PDCCH/PDSCH/TRS/CSI-RS for CQI (one beam) and on SSB symbols (another beam) to be measured

o Option 4: RAN4 to discuss if additional UE capability for indicating supporting of simultaneous reception with
different QCL type D RS and PDSCH/PDCCH is needed.

Issue 1-1-6-2: Clarification/understanding on existing UE capabilitiy simultaneousRxDataSSB-DiffNumerology

*  Proposals

o Option 1: Clarify whether UE can perform SSB based measurement using multi-antenna panels when UE

supports simultaneousReceptionDiffTvpeD.
o Option 2: The existing simultaneousRxDataSSB-DiffNumerology IE can be re-used for FR2

o Option 3: RAN4 shall not introduce new. but reuse Rel-16 UE capability IE simultaneousReceptionDiffTypeD-
716, to indicate enhanced FR2-1 UEs supporting simultaneous DL reception from different directions with
different QCL TypeD RSs on a single component carrier.

o Option 4: It 1s assumed that UE is capable of supporting simultaneous reception from two different directions

with two different QCL type D RSs.
Issue 1-1-6-3: UE behaviour and capability of handling Rx signal level difference between two channels
*  Proposals

o Option 1: Study UE behaviours and capability of multiple RX chains regarding handling Rx signal level
difference between two channels.

o Option 2: Discuss in RF session
Issue 1-1-6-4: UE capability for L3 measurement enhancement for UE supporting multi-Rx chain simultaneous reception
¢  Proposals

o Option 1: A new capability, different from simultaneousReceptionDiffTypeD-r16 or other L1 measurement
related UE capability. should be introduced for L3 measurement delay reduction for UE supporting multi-Rx
chain simultaneous reception.

o Option 2: Same UE capability as for L1 measurement
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Indicates whether the UE supports concurrent intra-frequency measurement on
serving cell or neighbouring cell and PDCCH or PDSCH reception from the serving
cell with a different numerology as defined in clause 8 and 9 of TS 38.133 [5].
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