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Introduction
In RAN4#104bis-e meeting, RAN4 discussed on the RRM impacts of NR FR2 multi-Rx chain DL reception and the progress has been captured in WF [1]. In this contribution, we will continue to discuss on RRM general aspects for R18 FR2 multi-Rx chain DL reception.
Discussion
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]General aspects
For FR2 multi-Rx chain DL reception, the scenarios for “simultaneous reception” was discussed. DL receptions include data reception, L1 measurements and L3 measurements. It is common understanding in RAN4 that fine beam is assumed for data reception and L1 measurements, and rough beam is assumed for L3 measurements. The most important motivation of multi-beam simultaneous DL reception is to support 4-layer downlink MIMO with simultaneous reception at the UE from two different directions. So, multi-beam simultaneous DL reception is assumed for fine beam directions. The UE needs to activate multiple antenna panels at a time for multi-beam receptions simultaneously. It is not feasible for UE to activate one antenna panel for multi-beam receptions simultaneously.
Proposal 1: For FR2 multi-Rx DL reception, RAN4 shall study the scenario of simultaneous fine beam re reception from panel A and fine beam reception from panel B.
The issue on whether and how to define power saving related requirements for multi-Rx chain DL receptions was discussed. Most companies agreed that no power saving specific requirements are defined in this WI. RAN4 needs to discuss whether a UE capable of multi-Rx reception should inform the network that UE turn on or off this capability arbitrarily. However, the target scenario for multi-Rx reception shall be multi-TRP transmissions from different directions. UE is assumed to turn on multi-Rx reception when multi-TRP transmissions from different directions is configured to UE. Then, whether the UE uses single Rx chain or multiple Rx chain can rely on whether UE is activated with single TCI or dual TCI for data receptions. Before UE is activated with dual TCI, UE needs to be configured with group-based L1-RSRP measurements. Based on the reported results, the network could to indicate the UE to activate a beam pair (dual TCI) for multi-TRP data receptions.
Proposal 2: For UE capable of multi-Rx receptions from different directions, whether UE to turn on multiple Rx chain can be investigated from the following aspects:
· [bookmark: _GoBack]Whether UE is configured with group-based L1-RSRP measurements.
· Whether UE is activated with dual TCI.

Receive timing difference
Regarding the receiving timing difference conditions, the current status is summarized as follows with tentative agreements in GTW.
	Issue 1-3-1: Receive timing difference
· Proposals
· Option 1 (Apple, Xiaomi, Qualcomm, Intel, MTK, LGE, OPPO, Ericsson): 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 (vivo, Huawei, Samsung, CMCC, ZTE): 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 (Nokia): 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.


This is a trade-off problem since Rel-16 when RTD within CP is the basic assumptions. In Rel-18 MIMO_evo discussion, there was related agreements achieved in last RAN1 meeting which is shown as follows. It was agreed to consider RTD lager than CP as an optional UE capability. Though one can argue that RAN1’s agreement is related to UL transmission discussed in different WI, as described in WID, the two TA operation is highly depending on multiple panel architecture. 
	From Oct 10th GTW session
Agreement
For multi-DCI multi-TRP operation with two TAs in a CC, two DL reference timings are supported where each DL reference timing is associated with one TAG
· baseline assumption is that the Rx timing difference between the two DL reference timings is no larger than CP length 
· as an optional UE capability, Rx timing difference between the two DL reference timings can be assumed to be larger than CP length
· FFS: the maximum Rx timing difference (could be up to RAN4)
· Other than UE capability details and relevant configuration, no additional RAN1 specification enhancement specific for this case is expected


Observation 1: Optional UE capability for Rx timing difference larger than CP was agreed in RAN1.
Thus, it is reasonable to follow the direction of RAN1 conclusion to further investigate the details of supporting RTD larger than CP. From RAN4 perspective, some aspects needs to be further investigated before we confirm the UE capability can be supported in multi-Rx WI. Firstly, as could be observed from RAN1 agreements, it is only for multi-DCI mTRP scenarios. One interpretation would be that this capability is only supported when UE also supports multiDCI-MultiTRP-r16. Another interpretation could be that it is only about data transmission scheduled by multi-DCI. In RAN4 discussion, there is enhancement about L1/L3 measurement which is not directly related to sDCI or mDCI. Then whether this capability is also about L1 measurement needs further investigation. Secondly, the applicability of intra-cell and inter-cell is also under discussion in general part of the multi-Rx WI. Whether the RTD is related to inter-cell should also be discussed. Besides, RAN4 only reached very high level description on the receiving signals for the RTD which is data reception and L1 measurements. It needs to be further investigated whether it involve all kinds of combinations of receiving signals. For instance, L1 measurement and L1 measurement, L1 measurement and data reception. Also, the type of RS for L1-measurment to be considered for L1 measurement enhancement is also under discussion, which is highly related to the intra-cell/inter-cell assumptions. 
Observation 2: The applicable scenario of RTD larger than CP need further investigation in terms of sDCI/mDCI, intra-cell/inter-cell and combinations for receiving signals (e.g. type of RS for L1-measurment, L1-measurement and data)
Based on analysis above, RAN4 should consider defining requirements with timing difference larger than CP, and the applicable scenario needs further investigation in terms of sDCI/mDCI, intra-cell/inter-cell and combinations of receiving signals. 
Proposal 3: RAN4 to consider defining requirements with timing difference larger than CP, and the applicable scenario needs further investigation in terms of sDCI/mDCI, intra-cell/inter-cell and combinations of receiving signals. 
Applicability and conditions
The following issues were discussed for the applicability and conditions of FR2 multi-Rx DL receptions.
	Issue 1-4-2: Applicability of new requirements to different QCL types
· Proposals
· Option 1: FFS whether requirements defined for QCL type-D only are also applicable when QCL type D is configured together with QCL type A/C
· Option 2: Whether or not the new RRM requirement for the feature of simultaneous DL reception from different directions shall be applicable is irrelevant to the TCI configuration of other QCL type.
· Option 3: In addition to QCL type D, the two RSs may also be configured with QCL type A or QCL type C.

Issue 1-4-3: Applicability of requirements for serving cell
· Proposals
· Option 1: The simultaneously received RSs may also be from a non-serving cell
· Option 2: Down-prioritized.

Issue 1-4-5: Detectable condition of RS signals
· Proposals
· Option 1: For detectable condition, all RSs in the same QCL chain for the target TCI state should remain detectable during the entire measurement/switch period.


For the issue on applicability of new requirements to different QCL types, QCL type A/C RS will be always indicated in a TCI state. However, the reference for beam direction is related to the QCL type D RS in the TCI state. Hence, the applicability and conditions of FR2 multi-Rx DL receptions shall be focused on the TCI configuration of QCL typed.
Proposal 4: For UE capable of multi-Rx receptions from different directions, the applicability and conditions of FR2 multi-Rx DL receptions shall be focused on the TCI configuration of QCL type D.
For intra-cell multi-TRP operation, two TRPs for multi-TRP transmission are both from serving cell. For inter-cell multi-TRP operation, two TRPs for multi-TRP transmission are from serving cell and non-serving cell respectively. However, no matter for intra-cell multi-TRP or inter-cell multi-TRP, two TRPs for multi-TRP transmission cannot be both from a non-serving cell. So, there is no need to consider the simultaneous reception of RSs both from a non-serving cell.
Proposal 5: For multi-Rx DL receptions from different directions, the case that the simultaneously received signals from a non-serving cell will not be considered.
A TCI chain consists of an SSB and one or more CSI-RS, and the TCI state of each reference signal includes another reference signal in the same TCI chain. For example, SSB#n is indicated as the reference signal in TCI state of CSI-RS resource#1, CSI-RS resource#1 is indicated as the reference signal in TCI state of CSI-RS resource#2. SSB#n, CSI-RS resource#1 and CSI-RS resource#2 are in the same TCI chain. If the reference signal in target TCI state of PDSCH DMRS is CSI-RS resource#2, one known condition for the target TCI state is that CSI-RS resource#2 is detectable. CSI-RS resource#2 is detectable provided that CSI-RS resource#1 is detectable. CSI-RS resource#1 is detectable provided that SSB#n is detectable. So, SSB#n, CSI-RS resource#1 and CSI-RS resource#2 in the same TCI chain shall be all detectable when the target TCI state is considered as known. However, this is not multi-Rx specific issue.
Proposal 6: For known target TCI state for switching, all RSs in the same TCI chain for the target TCI need to be detectable during switching period, which is not multi-Rx specific issue.
Conclusions
This contribution provides our discussion on RRM impacts of NR FR2 multi-Rx chain DL reception in R18. The following are provided:
Proposal 1: For FR2 multi-Rx DL reception, RAN4 shall study the scenario of simultaneous fine beam re reception from panel A and fine beam reception from panel B.
Proposal 2: For UE capable of multi-Rx receptions from different directions, whether UE to turn on multiple Rx chain can be investigated from the following aspects:
· Whether UE is configured with group-based L1-RSRP measurements.
· Whether UE is activated with dual TCI.
Observation 1: Optional UE capability for Rx timing difference larger than CP was agreed in RAN1.
Observation 2: The applicable scenario of RTD larger than CP need further investigation in terms of sDCI/mDCI, intra-cell/inter-cell and combinations for receiving signals (e.g. type of RS for L1-measurment, L1-measurement and data)
Proposal 3: RAN4 to consider defining requirements with timing difference larger than CP, and the applicable scenario needs further investigation in terms of sDCI/mDCI, intra-cell/inter-cell and combinations of receiving signals. 
Proposal 4: For UE capable of multi-Rx receptions from different directions, the applicability and conditions of FR2 multi-Rx DL receptions shall be focused on the TCI configuration of QCL type D.
Proposal 5: For multi-Rx DL receptions from different directions, the case that the simultaneously received signals from a non-serving cell will not be considered.
Proposal 6: For known target TCI state for switching, all RSs in the same TCI chain for the target TCI need to be detectable during switching period, which is not multi-Rx specific issue.
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