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1. Introduction
At the last RAN4 #104-bis-e meeting, the general aspects of this WI were discussed and there are still many open issues. In order to move forward this work, this contribution tries to summarize what should be treated in this work.
2. Discussion
In order to analyse general aspects for this study, the analysis of justification summarized in another discussion paper is duplicated below:
===
The existing Rel-15 NR FR2 minimum UE requirements are defined with an assumption that UE is equipped with a single antenna panel and capable to perform DL reception using a single RX beam/chain reception. Furthermore, the UE performance requirements are limited for DL MIMO rank 1 and 2. In FR2, 4-layer MIMO reception requires beam reception from at least two directions. Although this is supported by the MIMO features since Rel-15, no performance requirements have yet been specified. This is important for high-rate MIMO in FR2, as well as for FR2 HST scenarios. 
During Rel-16 and Rel-17, the support of NR FR2 CA with IBM (Independent Beam Management) and CBM (Common Beam Management) with simultaneous DL reception on different component carriers from the co-located and non-col-located TRPs was defined. The IBM concept implies a UE is capable of DL simultaneous reception on different UE panels/chains using separate beams on different component carriers and requires improved UE baseband and RF capabilities (multiple baseband chains and support of multiple antenna panels). 
Several enhancements to enable efficient and robust DL multi-TRP/panel operation were introduced in the Rel-16 NR eMIMO WI. For instance, DL transmission schemes with simultaneous and non-simultaneous multi-beam reception from multiple TRPs/panels were introduced. The simultaneous reception may require support of simultaneous multi-panel operation with several independent RX beams/chains at the UE side. As part of this item, a new FR2 UE capability for simultaneous multi-beam reception was introduced (simultaneousReceptionDiffTypeD-r16). However, no RF, RRM or performance requirements were defined in Rel-16 and Rel-17 for FR2 UEs with simultaneousReceptionDiffTypeD-r16 capability.
Enhanced NR FR2 UEs with multi-beam simultaneous reception and multiple RX chains can provide a meaningful performance improvement in FR2 improving both demodulation performance (4-layer DL MIMO), RRM performance and improve RF spherical coverage. This work item aims to introduce the requirements for UEs capable of multi-beam/chain simultaneous DL reception on a single component carrier to achieve improved RF, RRM and UE demodulation performance. 
Different implementation scenarios could be considered at the UE. Single-TCI reception on different beams has been supported by the RAN1 specifications since Rel-15 via the Type I codebook, which could be achieved at the UE with either a single panel or multiple panels. Alternatively, dual TCI operation can be combined with the Rel-17 mTRP framework even if the base station is actually deployed as a single TRP. 
This WI therefore provides the requirements for both single and dual TCI assumptions to specify requirements for reception of 4-layer downlink MIMO with simultaneous reception at the UE from two different directions.
===
The first paragraph summarizes the current situation of NR FR2 minimum requirements that UE is equipped with a single antenna panel and capable to perform DL reception using a single RX beam/chain reception and the UE performance requirements are limited for DL MIMO rank 1 and 2. Also it describes the benefits provided by beam reception from at least two directions, which are high-rate MIMO in FR2 and FR2 HST enhancement. It means that there are at least two aspects being able to be enhanced by introducing multi Rx chain. The one is MIMO enhancement, and the another is measurement enhancement.
Observation 1: At least two different aspects are described in justification. The one is MIMO enhancement, and the another is measurement enhancement.
The second paragraph describes the necessity and capability of UE architecture with multiple panels/chains for DL simultaneous reception from different directions based on the discussion of IBM and CBM. Although this example is CA case, the principle of UE architecture to utilize multiple Rx beam can be the baseline of this work.
Observation 2: UE can equip and utilize multiple panels/chains to form multiple Rx beam.
The third paragraph explains the UE capability for simultaneous multi-beam reception introduced in the context of multiple TRP operation. This paragraph can be understood that there is already a UE capability indicating simultaneous reception of different QCL type D reference signals and it can be used or baseline of the discussion.
Observation 3: There is already a UE capability indicating simultaneous reception of different QCL type D reference signals and it can be used or baseline of the discussion.
The fourth paragraph summarizes expected benefits by introducing multiple Rx chain for demodulation performance, RRM, and RF spherical coverage. The original sentence, a meaningful performance improvement in FR2 improving both demodulation performance (4-layer DL MIMO), RRM performance and improve RF spherical coverage, is a little bit ambiguous especially about the parenthesis. However, it seems to be difficult to understand from this sentence that all the discussions are limited within 4-layer DL MIMO related study. In addition, the first paragraph clearly states about FR2 HST scenario separated with MIMO topic.
Observation 4: It seems to be difficult to understand from fourth paragraph that all the discussions are limited within 4-layer DL MIMO related study. In addition, the first paragraph clearly states about FR2 HST scenario separated with MIMO topic.
The fifth and sixth paragraphs describe that current spec allows both single and dual TCI regardless of beam directions and propose 4-layer downlink MIMO with simultaneous reception at the UE from two different directions under the assumption both single and dual TCI.
Observation 5: Current spec allows both single and dual TCI regardless of beam directions and the necessity of 4-layer downlink MIMO with simultaneous reception at the UE from two different directions under the assumption both single and dual TCI is described.
Based on the above observations, remaining issues related to general aspect is discussed.
2.1. General scope
Issue 1-2-1: Definition of “simultaneous reception”
· Proposals
· Option 1 (Ericsson): In this WI, the two RSs are considered to be received simultaneously, if their instances are received in the same or overlapping OFDM symbols, which may occur in one, some, or all RS occasions during the measurement period. 
· Option 2 (Nokia): In this WI, the two RSs, RS and data, or 2 data signals, are considered to be received simultaneously, if their instances are received in the same or overlapping OFDM symbols, which may occur in one, some, or all RS occasions during the measurement period.
According to obserbvation 3, the existing UE capability of simultaneousReceptionDiffTypeD-r16 indicates only simultaneous reception of reference signal. Therefore the starting point should be simultaneous RSs reception scenario. About RS and data reception, it can be studied from the scheduling restriction point. However, both scenarios should not focus on the case when their instances are received in same OFDM symbol. The current spec clearly specifies that there are some restrictions if they are received on same OFDM symbol even if the scenario is FR1. On the other hand, 2 data signals simultaneous reception scenario, it should be focus only on 4-layer DL MIMO case and then it causes only same OFDM symbol case. Therefore, the definition of “simultaneous reception” can be clarified as follows.
Proposal 1: In this WI, the two RSs, RS and data, or 2 data signals, are considered to be received simultaneously. For the cases of two RSs, RS and data, simultaneously means that their instances are received in the overlapping OFDM symbols, which may occur in one, some, or all RS occasions during the measurement period. For the case of 2 data signals, simultaneously means that their instances are received in the same OFDM symbols within the MRTD requirement.

Issue 1-2-2: Scenarios for “simultaneous reception”
· Proposals
· Option 1 (ZTE): 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 coarse beam reception from panel A and coarse 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
· Option 2 (Ericsson): RAN4 agrees on the deployment scenarios A-D for discussing the requirements for simultaneous reception from two different directions:
· Scenario A: simultaneous reception of RS0 and RS2, same TRP, same SSB index, same cell
· Scenario B: simultaneous reception of RS0 and RS10, different TRPs, same SSB index, same cell
· Scenario C: simultaneous reception of RS0 and RS3, same TRP, different SSBs, same cell
· Scenario D: simultaneous reception of RS0 and RS13, different TRPs, different SSBs, same cell.
Before considering the remaining options (especially option 2), the exact scenario descriptions are copied from original contribution [2] as follows.

===
· RAN4 agrees on the deployment scenarios A-D for discussing the requirements for simultaneous reception from two different directions:
Scenario A: 
· simultaneous reception of RS0 and RS2, same TRP, same SSB index, same cell
Scenario B: 
· simultaneous reception of RS0 and RS10, different TRPs, same SSB index, same cell
Scenario C: 
· simultaneous reception of RS0 and RS3, same TRP, different SSBs, same cell
Scenario D: 
· simultaneous reception of RS0 and RS13, different TRPs, different SSBs, same cell.
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Figure 1: Example deployment, Scenario A.
[image: ]
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.
===
Option 1 describes scenarios using coarse/fine beam. On the other hand, option 2 describes scenario using TCI state index. Since the meaning of “coarse beam” is ambiguous, simultaneous reception scenario should be described by merging option 1 and 2 as follows.
Proposal 2: The deployment scenarios for discussing the requirements for simultaneous reception from two different directions can be categorized as follows:
· Two different RSs/RS and data/data signals with different TCI state, same TRP, same source SSB, same cell
· Two different RSs/RS and data/data signals with different TCI state, same TRP, different source SSB, same cell
· Two different RSs/RS and data/data signals with different TCI state, different TRP, different source SSB, same cell
The following case needs more clarification:
· Two different RSs/RS and data/data signals with different TCI state, different TRP, same source SSB, same cell
· The case that different TRPs use same SSB simultaneously in same cell is unclear.

Issue 1-2-4: UE architectures
· Proposals
· Option 2 (Nokia): 
· Multi Rx architecture with above consideration, to assume that each Rx chain will need to process at an independent FFT window.  
· Multi Rx architecture to assume that each Rx chain can perform independent RRM measurements or demodulation tasks. 
· Multi Rx architecture to assume that each Rx chain can perform independent RRM measurements on 2 Rx chains. 
· Independent timing loops are supported in multi-RX for intra and inter cell mobility measurements.
· Option 4 (vivo, MTK, Ericsson, Qualcomm): It is not necessary to have a general conclusion on multi-Rx chain architecture.
· Option 5 (NTT DOCOMO, Samsung, Xiaomi, Ericsson, ZTE, LGE, Apple, Huawei, MTK, OPPO): Should be discussed in RF session.
About UE architecture, basically it should be discussed and decided in RF session. RRM study shold be based on RF conclusion.
Proposal 3: About UE architecture, basically it should be discussed and decided in RF session. RRM study shold be based on RF conclusion.

Issue 1-2-6: Beam management
· Proposals
· Option 1 (vivo): Principle of defining beam management related requirements for IBM can be extended for multi-Rx chain
· Option 2 (Nokia): Independent beam management between multiple Rx chains on the same carrier is assumed in this work item.
· Option 3: Further clarify which beam management requirements are used for multi-RX WI.
· Note: Company is encouraged to check if this issue is covered by other issues already.
From observation 2 and 5, CBM and single TCI case are not precluded in justification level. Therefore the limitations listed above are strict at this stage. At least for dual TCI case, independent beam management can be assumed based on the agreement that independent TCI state switch is assumed for dual TCI case.
Proposal 4: Single TCI case and dual TCI case should be studied separately. For dual TCI case, independent beam management can be assumed based on the agreement that independent TCI state switch is assumed for dual TCI case.

Issue 1-2-8: RRM impact of the UE behaviour using a single antennal panel
· Proposals
· Option 1 (LGE): Consider UE measurement behaviour for L1 or L3 related measurement when UE receive the DL signals from multiple TRP using a single antenna panel.
· Option 2 (NTT DOCOMO, Samsung, Intel, OPPO, vivo): Needs RF study conclusion
· Option 3 (Nokia, LGE): L1 and L3 measurement delays and measuring/scheduling restrictions for measurements need to be considered when using single antenna panel on multi Rx capable UEs.
· Option 4 (Qualcomm, Ericsson, Huawei, Xiaomi, MTK, ZTE): No need to discuss
About antenna panel discussion, it should be based on RF conclusion. If RF session conclusion affects delay reduction or causes new delay term, then RRM study should be triggered.
Proposal 5: About antenna panel discussion, it should be based on RF conclusion. If RF session conclusion affects delay reduction or causes new delay term, then RRM study should be triggered.

Issue 1-2-9: Whether and how to define power saving related requirements
· Proposals
· Option 1 (vivo, Apple, LGE, Ericsson, NTT DOCOMO, Huawei, Samsung, Xiaomi, ZTE): No power saving specific requirements are considered in the WI.
· Power saving can be one aspect to be considered when specifying RRM requirements, e.g., if a UE always needs to keep two panels active.
· Option 3 (Apple, MTK, LGE, ZTE, LGE): RAN4 should discuss if a UE capable of multi-RX reception should inform the network that it does not support two AoA reception, so the network knows the UE does not turn on or off this capability arbitrarily.
· Option 3a (Nokia, Apple): RAN4 should discuss how a UE capable of multi-RX reception should inform the network when switching from 2 Rx chains to 1 Rx chain, and vice versa, so the network knows the UE does not turn on or off this capability arbitrarily.
· Option 5 (Nokia): RAN4 to study if use of single Rx chain or multiple Rx chain can be adapted over time.
Based on the observations, there are no power saving related descriptions, thus it should be basically out of scope of this WI. If some limitations arise and they are barrier for other enhancements, it should be studied and resolved.
Proposal 6: Based on the observations, there are no power saving related descriptions, thus it should be basically out of scope of this WI. If some limitations arise and they are barrier for other enhancements, it should be studied and resolved.
3. Conclusion
In this contribution, we proposed our views on FR2 multi Rx chain DL reception requirements.
Observation 1: At least two different aspects are described in justification. The one is MIMO enhancement, and the another is measurement enhancement.
Observation 2: UE can equip and utilize multiple panels/chains to form multiple Rx beam.
Observation 3: There is already a UE capability indicating simultaneous reception of different QCL type D reference signals and it can be used or baseline of the discussion.
Observation 4: It seems to be difficult to understand from fourth paragraph that all the discussions are limited within 4-layer DL MIMO related study. In addition, the first paragraph clearly states about FR2 HST scenario separated with MIMO topic.
Observation 5: Current spec allows both single and dual TCI regardless of beam directions and the necessity of 4-layer downlink MIMO with simultaneous reception at the UE from two different directions under the assumption both single and dual TCI is described.
Proposal 1: In this WI, the two RSs, RS and data, or 2 data signals, are considered to be received simultaneously. For the cases of two RSs, RS and data, simultaneously means that their instances are received in the overlapping OFDM symbols, which may occur in one, some, or all RS occasions during the measurement period. For the case of 2 data signals, simultaneously means that their instances are received in the same OFDM symbols within the MRTD requirement.
Proposal 2: The deployment scenarios for discussing the requirements for simultaneous reception from two different directions can be categorized as follows:
· Two different RSs/RS and data/data signals with different TCI state, same TRP, same source SSB, same cell
· Two different RSs/RS and data/data signals with different TCI state, same TRP, different source SSB, same cell
· Two different RSs/RS and data/data signals with different TCI state, different TRP, different source SSB, same cell
The following case needs more clarification:
· Two different RSs/RS and data/data signals with different TCI state, different TRP, same source SSB, same cell
· The case that different TRPs use same SSB simultaneously in same cell is unclear.
Proposal 3: About UE architecture, basically it should be discussed and decided in RF session. RRM study shold be based on RF conclusion.
Proposal 4: Single TCI case and dual TCI case should be studied separately. For dual TCI case, independent beam management can be assumed based on the agreement that independent TCI state switch is assumed for dual TCI case.
Proposal 5: About antenna panel discussion, it should be based on RF conclusion. If RF session conclusion affects delay reduction or causes new delay term, then RRM study should be triggered.
Proposal 6: Based on the observations, there are no power saving related descriptions, thus it should be basically out of scope of this WI. If some limitations arise and they are barrier for other enhancements, it should be studied and resolved.
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