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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
According to the WF [1], the remaining issues of WI scope and general aspects can be classified as follows:
· Scope of the WI with respect to RRM study
· UE architecture covered by this study
Before going to each discussion, WID should be reviewed and analized again. Justification is copied 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 scope and scenarios are discussed.
2.1. Analysis of scope and scenarios
Issue 1-1-1: Scope of the WI
· Proposals
· Option 1 (NTT DOCOMO, LGE, CMCC, Nokia, ZTE, vivo, Huawei): RRM discussion have not to be related to 4-layer MIMO directly, i.e., RRM enhancement thanks to multi-Rx chain which is not relevant to 4-layer MIMO should be discussed.
· Option 2 (Qualcomm): The WID scope on RRM is focused on 4-layer MIMO only.
· Option 3: It is not in the scope of the WI to define panel or RX chain specific behaviours with RX panel control signal for DL.
From observation 1 and 4, justification clearly describes two aspects and does not limit the study only for 4-layer DL MIMO. Therefore RRM enhancement thanks to multi-Rx chain which is not relevant to 4-layer MIMO should be discussed.
Proposal 1: From observation 1 and 4, justification clearly describes two aspects and does not limit the study only for 4-layer DL MIMO. Therefore RRM enhancement thanks to multi-Rx chain which is not relevant to 4-layer MIMO should be discussed.

Issue 1-1-3: Scenarios for Rel-18 multi-Rx DL reception
· Proposals
· Option 1 (vivo, Nokia, ZTE, CMCC, Xiaomi, LGE): Both intra-cell and inter-cell multi-TRP operation are supported for multi-Rx chain UE in the WI
· Option 2 (Samsung, vivo, NTT DOCOMO, Huawei): Working on inter-cell operation with TRPs located within reasonable intercell distance after intra-cell multi-TRP operation work is completed.
· Option 3 (MTK, Qualcomm, OPPO): Not to consider inter-cell mTRP operation in R18 multi-Rx UE
From justification analysis, there are no limitations for multi-TRP assumption. However, intra-cell multi-TRP study should be the baseline for inter-cell multi-TRP. Therefore intra-cell multi-TRP should be studied and completed first. If multi-TRP scenario should be limited only Rel-16 eMIMO study area, inter-cell multi-TRP can be out of scope.
Proposal 2: Intra-cell multi-TRP study should be the baseline for inter-cell multi-TRP. Therefore intra-cell multi-TRP should be studied and completed first. If multi-TRP scenario should be limited only Rel-16 eMIMO study area, inter-cell multi-TRP can be out of scope.

Issue 1-1-4: Support of single-DCI and/or multi-DCI multi-TRP operation
· Proposals
· Option 1 (vivo, LGE, Xiaomi, Samsung, CMCC, Nokia, ZTE, Ericsson, NTT DOCOMO): 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 (OPPO, Huawei, Samsung): Whether to down-select some scenarios of multi-TRP can be further discussed after general assumption with respect to TRP are clarified
· Option 3 (Qualcomm, MTK): Define RRM requirements for single-DCI multi-TRP operation only.
From justification analysis, there are no limitations for single or multi-DCI operation. As same as previous issue, single-DCI study should be the baseline for multi-DCI. Therefore single-DCI should be studied and completed first.
Proposal 3: From justification analysis, there are no limitations for single or multi-DCI operation. As same as previous issue, single-DCI study should be the baseline for multi-DCI. Therefore single-DCI should be studied and completed first.

Issue 1-1-5: Spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel
· Proposals
· Option 1 (Samsung, Xiaomi, NTT DOCOMO, MTK, Intel, Huawei): 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 (vivo, Qualcomm, LGE, Nokia, Ericsson): 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 (Apple, OPPO, Nokia, ZTE, Samsung, NTT DOCOMO, Huawei, Intel, LGE, Ericsson): 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.
Through the justification analysis, 4-layer downlink MIMO with simultaneous reception at the UE from two different direction with single TCI can be the scope. However the definition of panel depends on RF conclusion. Therefore 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 but RF conclusions should be considered.
Proposal 4: 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 but RF conclusions should be considered.

Issue 1-1-6: Simultaneous L3 measurements and L1 measurements
· Proposals
· Option 1 (MTK, Huawei, Intel, NTT DOCOMO, Qualcomm, Ericsson): In R18 multi-Rx, UE is not required to perform both L3 measurements and L1 measurements at a time.
· Option 2 (vivo, OPPO, Nokia, ZTE, Xiaomi, Apple): RAN4 to identify use cases for simultaneous L3 measurements and L1 measurements and study the feasibility
· Option 3 (CMCC, Nokia, ZTE): To consider simultaneous L3 measurements and L1 measurements with multi-RX chain reception
· Further check whether Klayer1_measurement of 1.5 can be removed (or Klayer1_measurement = 1)
As stated duling last meeting, L3 related enhancements should be based on L1 measurement enhancement study, thus the study related to L3 measurement can be deprioritized. However if simultaneous L3 and L1 measurement study can be only focus on the L1 measurement impacts, it can be studied in parallel. Therefore the feasibility of simultaneous L3 and L1 measurement without any L3 related enhancement should be considered.
Proposal 5: The feasibility of simultaneous L3 and L1 measurement without any L3 related enhancement should be considered.
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: From observation 1 and 4, justification clearly describes two aspects and does not limit the study only for 4-layer DL MIMO. Therefore RRM enhancement thanks to multi-Rx chain which is not relevant to 4-layer MIMO should be discussed.
Proposal 2: Intra-cell multi-TRP study should be the baseline for inter-cell multi-TRP. Therefore intra-cell multi-TRP should be studied and completed first. If multi-TRP scenario should be limited only Rel-16 eMIMO study area, inter-cell multi-TRP can be out of scope.
Proposal 3: From justification analysis, there are no limitations for single or multi-DCI operation. As same as previous issue, single-DCI study should be the baseline for multi-DCI. Therefore single-DCI should be studied and completed first.
Proposal 4: 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 but RF conclusions should be considered.
Proposal 5: The feasibility of simultaneous L3 and L1 measurement without any L3 related enhancement should be considered.
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