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Introduction
In this paper, we outline an overall procedure from L3 measurement all the way to 4-layer reception with dual TCIs to establish a common understanding of the scope of the item. Based on the overview of the procedure, we present our view of the scope of the WI.
Discussion
During the previous RAN4 meetings, lots of proposals that might not be in the scope of the original objective of the item were presented by companies. Besides, there were also proposals, in different work items, to take advantage of this WI to reduce latencies and such by using multiple Rx panels, which are clearly out of the scope of the item. In order for the group to not deviate from the main topics too much, we present the overall procedure enabling the ultimate goal of the item, which is 4-layer PDSCH reception QCL’ed with two different reference resources in terms of at least QCL type D. With the overview of the whole procedure, we hope the group can establish a common understanding of the main scope of the item.

Overall Procedure from L3 measurement all the way to 4-layer Reception with dual TCIs
· Step 0 - Starting condition
The starting point is assumed to be a UE that is connected to a single TRP (‘anchor TRP’), i.e. a basic connected mode. In this configuration, the UE is aware of the optimal beam to use for the TRP. The anchor TRP uses a mutually agreeable choice of BMRS, depending on the UE’s capabilities.
· Step 1 – network configures UE for group reporting
Group reporting is the primary indicator for the UE that network has multiple TRPs associated with the same cell ID and are available to connect. The reporting metric is L1-RSRP. Dedicated measurement resources in the form of reference signals (RS) are confirmed for the UE by the network, and can be either SSB or CSI-RS, depending on network implementation. These measurement resources are typically different from BMRS.
For the sake of simplicity, we assume the 2 TRPs are visible to the UE. Each TRP transmits multiple RS, distinguishable by their unique ids. More than one of those may be visible to the UE from each TRP. For group-based reporting, the UE must arrange the set of visible RSs into pairs that contain one RS id from each TRP. The UE then reports the pairwise L1-RSRPs in the joint report. 
The beam type used by the UE to measure the RS is up to the UE’s implementation. They could be rough or refined to some extent.
After the report, the NW has a good shortlist of mTRP RS candidates, but it still does not know which pair of RS will maximize capacity/t-put. For this level of visibility, the network relies on a second layer of enquiries, specifically channel state feedback, or CSF.
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Figure 1: Group-based reporting by the UE

The network may choose one or more pairs of visible measurement resources in step 1 from the UE’s joint report to pursue as candidates for a successful mTRP connection. It then assigns as many CSF opportunities as there are pairs to measure. The network can choose from either R15- or R17-based CSI measurement/report methods.
· R15: two CSI process units (CPUs) are configured for each pair of visible RS from the two TRPs. In each CPU, the UE is presented with both RS, but one as the CMR (channel meas. resource) and the other acts as an IMR (interference meas. resource). The IMR helps capture interference from the other TRP. For CPU1, both CMR and IMR are QCL’ed to a source signal from TRP1, and for CPU2, both RSs are QCL’ed to a source signal from TRP2.Rel-17
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Figure 2: CSF after group-based reporting

· R17: One CPU is configured with two CMRs, each QCL’ed to a source signal from a unique TRP 

The beam type used by the UE to measure the RSs is up to the UE’s implementation. They could be rough or refined to some extent, like the case in step 1.
After evaluating CSF associated with each RS pair, the network can assign the second active TCI-state, which completes the basic mTRP configuration of the UE.
The choice of Rel-15 or Rel-17 framework does not impact the final operation of the system and therefore left as network choice, or TE choice in requirement context.


· Step 3 – beam refinement for 2 active TCI states
When the UE is configured with 2 active TCI states, the UE pursues any further beam refinement with a 2-active TCI state constraint. i.e. the UE tracks and optimizes two sets of beams, one set pointed to one TRP and another to the second, with the condition that both sets of beams can coexist at the same time (concurrent beams). This constraint is new for FR2 UEs in RAN4.
This stage of further beam refinement is relevant to a UE if it uses rough beams for scoping out the RS pairs chosen during joint reporting, but it has higher gain-beams at its disposal for each direction. After refinement, periodic reporting of CSF parameters will ensure the network has an up-to-date picture of the channel. It is up to the network how MCS, etc are chosen. 
· A summary of the overall procedure
The procedure explained above can be outlined as below, and a common understanding of the whole flow will help establish a meaningful scope of RRM requirements for the item.

Observation 1: To enable a UE to receive up to 4L ‘with simultaneous DL reception with two different QCL TypeD RSs on single component carrier’ based on the existing multi-TRP schemes, the following sequence of events is assumed:
1. starting condition: basic connection between the UE and a single TRP
2. network configures UE for group-based L1 measurement and report with other TRPs visible to the UE
3. network requests a joint-CSF based on RS pairs reported by the UE with ‘group-based L1 measurement’
4. network configures a second active TCI state for the second TRP based on the previous reports (group based L1 measurement and joint CSF)

Scope of the Item
We understand that there are quite a large number of companies showing interest in enhancing many of the existing RRM requirements by taking advantage of multi-Rx panels, but we believe the group is tasked to first focus on RRM aspects that are immediately related to the procedure presented in the above from TRP beam selection all the way to the joint CSI measurement and report from the selected two beams. With this understanding, we propose to limit the scope of the discussion under this WI.

Proposal 1: RAN4 to not discuss the following items for RRM requirement enhancements under the work item of FR2 multi-Rx chain DL reception:
· RRM requirement enhancements that require 
· more than two cell searchers for cell and SSB detection and SSB measurements
· UE parallel processing to deal with a timing offset larger than CP on the same frequency layer
· L3 measurements by using concurrently activated multiple Rx panels
· RLM requirement enhancements for a non-anchor TRP, i.e. no RLM for an auxiliary TRP
· Idle mode measurements
· Any enhancements for low-mid SNR regime where 2/4 MIMO layer reception is not expected

single-DCI vs. multi-DCI
The ultimate goal of the item is to enable 4-layer PDSCH reception associated with two different QCL TypeD RSs in FR2, which can be supported by a single DCI based mTRP scheme, whereas a multi-DCI based mTRP scheme separates transport blocks into separate PDSCHs with independent MCSs which may not be always SDM’ed. Note that multi-DCI based mTRP was mostly motivated by non-ideal backhaul between TRPs , which is not much applicable to the scenario of the item. We therefore prefer to retain the baseline assumption of using sDCI assumptions for determining the basic requirements. We however can support mDCI if the scenario is limited, e.g. intra-cell mTRP only, and UE RF requirement for mDCI is defined. To ensure progress in this complex WI, we propose that while discussions on mDCI UEs can continue, progress on mDCI UE requirement specification cannot gate sDCI requirement specification: 
Proposal 2: A single DCI scheme is adopted for setting the UE RRM requirement. Multi-DCI scheme can be further discussed if the scenario of Multi-DCI is properly limited, e.g. intra-cell mTRP only, and RF requirement for Multi-DCI is defined.

Intra-cell vs. inter-cell mTRP
With the same reason, inter-cell mTRP scenario should be excluded from setting the UE RRM requirements. Note that inter-cell mTRP is not supported for single-DCI based mTRP.
Proposal 3: RAN4 to not consider inter-cell mTRP scenario for setting the UE RRM requirement.

Conclusions
In this paper, we outlined the overall procedure from L3 measurement all the way to 4-layer reception with dual TCIs to establish a common understanding of the scope of the item. We also presented our views on some of open issues.

Overall Procedure from L3 measurement all the way to 4-layer Reception with dual TCIs
Observation 1: To enable a UE to receive up to 4L ‘with simultaneous DL reception with two different QCL TypeD RSs on single component carrier’ based on the existing multi-TRP schemes, the following sequence of events is assumed:
1. starting condition: basic connection between the UE and a single TRP
2. network configures UE for group-based L1 measurement and report with other TRPs visible to the UE
3. network requests a joint-CSF based on RS pairs reported by the UE with ‘group-based L1 measurement’
4. network configures a second active TCI state for the second TRP based on the previous reports (group based L1 measurement and joint CSF)

Scope of the Item
Proposal 1: RAN4 to not discuss the following items for RRM requirement enhancements under the work item of FR2 multi-Rx chain DL reception:
· RRM requirement enhancements that require 
· more than two cell searchers for cell and SSB detection and SSB measurements
· UE parallel processing to deal with a timing offset larger than CP on the same frequency layer
· L3 measurements by using concurrently activated multiple Rx panels
· RLM requirement enhancements for a non-anchor TRP, i.e. no RLM for an auxiliary TRP
· Idle mode measurements
· Any enhancements for low-mid SNR regime where 2/4 MIMO layer reception is not expected

single-DCI vs. multi-DCI
Proposal 2: A single DCI scheme is adopted for setting the UE RRM requirement. Multi-DCI scheme can be further discussed if the scenario of Multi-DCI is properly limited, e.g. intra-cell mTRP only, and RF requirement for Multi-DCI is defined.

Intra-cell vs. inter-cell mTRP
Proposal 3: RAN4 to not consider inter-cell mTRP scenario for setting the UE RRM requirement.
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