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Introduction
As part of Rel-18 Study Item on MIMO Evolution for Downlink and Uplink [1], 3GPP has agreed on a list of goals related to CSI enhancements. In particular, the 4th objective is devoted to CSI enhancements for coherent JT. This contribution focuses on CSI enhancements devoted to CJT.
	
1. Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS for tracking


4. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off




In RAN1#109e, agreements were made on the work scope, evaluation scenarios and assumptions for CJT. In this contribution, we discuss our further views on CSI enhancements for coherent JT.

Proposed Subsector Structure for CJT-mTRP 
We propose a subsector CJT-mTRP structure to maximize the capacity and coverage gains. The proposed structure, shown in Figure 1, uses a co-located cooperating TRPs with predefined antenna array orientations which in turn tries to maximize the total coverage area and minimize the overlapping between subsector antenna patterns. This structure can be categorized under Outdoor2 B from the agreement in the last meeting [1]. 
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Figure 1: Proposed Subsector mTRP with CJT
Let us try to explain the idea of the proposed subsector structure with an example of mTRP with CJT in AWGN Channel:
· Consider mTRP (3 TRPs) with CJT scenario in AWGN Channel and 3 UEs placed as it is shown in Figure 2
· Single Tx antenna per TRP (total is 3) and single Rx antenna at the UE
· PL is assumed to equal =1 (0dB)
· Since it is AWGN channel and PL =1, the channel matrix between the mTRP and each of the UEs will be function of the antenna gain

where  is the channel between the mTRPs and ith UE and  denotes the antenna gain of the mth TRP at the ith UE location. 
· Since the pattern of the antenna gain for each TRP does not overlap with the pattern of the rest of the TRPs (ideal scenario), the channel matrix between the mTRP and UEa, UEb, & UEc are
, , 
· This means the mTRP can easily perform Multi User (MU) and transmit simultaneously to multiple users, and pair UEa and UEb, & UEc using identity matrix (digital precoding)
· The MU Tx signal from the mTRP can be writ ten as

· The received signal can be expressed as

where  are the received signal & AWGN noise at the ith user location respectively.
As you can see in the example, the predefined antenna orientation of the cooperating TRPs splits the sector coverage area to maximize the capacity gain. Also, the unique orientations of the subsector structure of CJT-mTRP can also lead to coverage enhancement.  
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Figure 2: Example Subsector Structure for CJT-mTRP with Single Tx Antenna
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]The benefits of the proposed subsector structure are:
1. Can potentially lead to significant system performance improvement by maximizing the capacity and coverage gains
2. Co-located cooperating TRPs which requires relatively much simpler synchronization compared to the distributed cooperating TRPs.
3. The subsector CJT-mTRP structure can accommodate the form factor practical limitation for massive MIMO in sub-1 GHz deployment scenarios. 

Proposal 1: Use the proposed co-located structure to evaluate the Rel. 18 CJT mTRP scenario outdoor 2B

Potential CSI Enhancements

As announced offline, the following topics are prioritized for progress on CSI enhancements for CJT in RAN1#110. 
 
	
	Issue
	Topic

	1
	Type-II CJT 
	FFS: Whether to prioritize/down-select refinement of Rel-16 vs Rel-17 Type-II

	2
	
	FFS: Whether to prioritize or only support N_TRP={1,2} over {3,4}

	3
	
	FFS: Whether to prioritize/down-select between 1 and K>1 NZP CS-RS resources

	4
	
	Specification entity corresponding to a TRP/TRP-group

	5
	
	Supported codebooks structure(s): down-select from Alt1A, 1B, and 2

	6
	
	SD/FD basis design: down-select from Alt1, 2, 3, and 4 



Measurements

In RAN1#109e, the following agreement has been made regarding the CMR measurements for CJT, 

Agreement
The work scope of Type-II codebook refinement for CJT mTRP includes the following NZP CSI-RS (CMR) setups in Resource Setting associated with Rel-18 Type-II codebook for CJT
· Opt1: 1 NZP CSI-RS resource, max # ports = 32
· FFS: whether/how to associate TCI states and CSI-RS ports
· Opt2: K>1 NZP CSI-RS resources with the same number of ports (representing K TRPs)
· FFS: The maximum number of ports per resource, and the total number of ports across all resources 
FFS: Whether to prioritize/down-select from the two options

Two options can be considered for CMR measurements in relation to PMI reporting. 
The first option is to use 1 NZP-CSI-RS resource for the K coordinating TRPs. For this option, the ports of the NZP-CSI-RS resource are divided among the coordinating TRPs, with a total maximum of 32 ports. For this option, since the NZP-CSI-RS resource can only be configured with one QCL, the applicability will be limited to those co-located scenarios that only require 1 QCL configuration, otherwise, there will be specification effort on new QCL and TCI framework to accommodate the multiple TRP/TRP-groups. Furthermore, the group needs to agree on how to partition the ports among the TRP groups. 
Observation 1: Option 1 has limited applicability for some of the intra-site CJT deployment scenarios  
For the second option, having K NZP-CSI-RS resources, corresponding to K TRP/TRP-groups, is a straightforward solution applicable to all the intra-site and inter-site deployment environments agreed on in this work item. Each NZP-CSI-RS resource can be configured with a different QCL, and support up to 32 antenna ports. The UE can further reuse the single TRP NZP-CSI-RS resource making it easier to switch between single TRP and multi-TRP resources, and potentially saving on CSI-RS resources overhead.
Observation 2: Option 2 is more generally applicable to all the scenarios with less specification effort
Based on the above two observations, both options 1 and 2 have applicability in different inter-site/intra-site CJT scenarios, but if we were to prioritize one of the options for CMR measurements, option 2 is the more natural choice with universal applicability. support
Proposal 2: For the type-II codebook refinement for CJT mTRP with NTRP>1 TRP/TRP-groups, the CMR comprises K>1 NZP CSI-RS resources, where one resource corresponds to one TRP/TRP-group (i.e. K=NTRP)

Codebook Structure

In RAN1#109e [1], the group agreed to down-select or merge from three codebook structures:
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Three alternatives have been discussed 
1. Alt1A performs independent SD and FD compressions for each TRP/TRP group (port-group or resource) and applies a co-phasing/amplitude scaling. 
Alt1A is consistent with the current framework of CSI and offers relatively higher PMI resolution associated with larger overhead. The criterion of the co-phasing/amplitude scaling may impact the performance of Alt1A and needs further discussion. Alt1A potentially brings more performance improvement at the expense of larger overhead. It might be a good alternative in the distributed or non-co-located mTRP scenario because channels may not have similar frequency\delay characteristics due the different locations of the cooperating TRPs. The flexibility of Alt1A is another desired aspect as it gives the CJT-mTRP the control to sub-select some of the cooperating TRPs (to optimize the total capacity/reduce mutual interference) because of the availability of PMI resolution on the per TRP level. Consider the example in Figure 3 with two TRPs (TRP1 & TRP2) serving two users (UE1 & UE2), the mTRP scheduler will try the optimize the MU pairing and reduce the mutual interference. One potential optimal decision is to select TRP1 for UE1 & TRP2 for UE2.     
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Figure 3: Subselection with CJT-mTRP
2. Alt1B performs joint SD and FD compressions for each TRP/TRP group (port-group or resource) and applies a co-phasing/amplitude scaling.
Alt1B tries to reduce the overhead by doing joint SD & FD compression. However, the joint SD and FD compression in Alt1B is not consistent with the current framework of CSI and requires additional standardization efforts to specified.  

3. Alt2 performs independent SD compression for each TRP/TRP group (port-group or resource) and it applies common FD compression for all the cooperating TRPs
Alt2 does the SD compression per each TRP/TRP group (port-group or resource) and tries to reduce the overhead by doing joint FD compression for all the TRPs/TRP groups. The size of the joint FD compression in Alt2 is expected to be higher than the size of the per-TRP-FD compression in Alt1A. Alt2 provides an optimized codebook structure (overhead/Performance) for the scenario of co-located mTRPs where channel (for each TRP) is likely to have similar mutual frequency/delay characteristics with the channels of the rest of the TRPs. Because of the joint FD compression, the subsection of the cooperating TRPs in Alt2 may degrade the performance.

Observation 3: Alt1A provides a higher resolution PMI feedback that is needed in the distributed or non-co-located mTRP scenario because channels may not have similar frequency/delay characteristics due the different locations of the cooperating TRPs
Observation 4: Alt2 provides an optimized codebook structure (overhead/Performance) for the scenarios of co-located mTRPs where channel (for each TRP) is likely to have similar mutual frequency/delay characteristics with the channels of the rest of the TRPs.
Observation 5: Alt1A is more flexible than Alt2 since PMI feedback is available on the TRP level, this can help the CJT-mTRP to further optimize the network performance.
Proposal 3: Support both codebook structures Alt1A & Alt2 with no down-selection in RAN1#110 

TRP Selection
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In RAN1#109e [1], it was agreed to down-select from Alt1, Alt2, and Alt3. 
1. In Alt1, the number of cooperating TRPs (N) is gNB configured via higher layer (RRC) signalling and UE always reports PMI for the N cooperating TRPs. In this scheme, the CJT-mTRP have visibility on all connected UEs (kind of a centralized solution) and can perform further optimization and enhance the performance as we saw in the example in Figure 3.
2. In Alt2, UE selects the number of cooperating TRPs and their associated PMI. This alternative acts like a distributed solution and since the UE does not have visibility on the rest of the network, it could degrade the performance. In Figure 3, UE1 could report TRP1 & TRP2 and same thing for UE2. Clearly, this does necessarily lead to optimal performance.   
3. In Alt3, the number of TRPs N is a gNB configured via higher layer (RRC) signalling and UE will transmit the K transmission hypotheses which can increase the overhead. 

Observation 6: Alt1A acts like a centralized solution and can help to optimize the network performance.
Proposal 4: For the type-II codebook refinement for CJT mTRP, we support Alt1 for TRP selection 

Conclusion
In this contribution, we propose and observe the following:
Proposal 1: Use the proposed co-located structure to evaluate the Rel. 18 CJT mTRP scenario outdoor 2B
Observation 1: Option 1 has limited applicability for some of the intra-site CJT deployment scenarios  
Observation 2: Option 2 is more generally applicable to all the scenarios with less specification effort
Proposal 2: For the type-II codebook refinement for CJT mTRP with NTRP>1 TRP/TRP-groups, the CMR comprises K>1 NZP CSI-RS resources, where one resource corresponds to one TRP/TRP-group (i.e. K=NTRP)
Observation 3: Alt1A provides a higher resolution PMI feedback that is needed in the distributed or non-co-located mTRP scenario because channels may not have similar frequency/delay characteristics due the different locations of the cooperating TRPs
Observation 4: Alt2 provides an optimized codebook structure (overhead/Performance) for the scenarios of co-located mTRPs where channel (for each TRP) is likely to have similar mutual frequency/delay characteristics with the channels of the rest of the TRPs.
Observation 5: Alt1A is more flexible than Alt2 since PMI feedback is available on the TRP level, this can help the CJT-mTRP to further optimize the network performance.
Proposal 3: Support both codebook structures Alt1A & Alt2 with no down-selection in RAN1#110
Observation 6: Alt1A acts like a centralized solution and can help to optimize the network performance.
Proposal 4: For the type-II codebook refinement for CJT mTRP, we support Alt1 for TRP selection 
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The work scope of Type-II codebook refinement for CJT mTRP includes down-
selecting at least one or merging from the following codebook structures
e AItIA. Per-TRP/TRP group (port-group or resource) SD/FD basis selection
+ relative co-phasing/amplitude (including WB and/or SB). Example
formulation (N = number of TRPs or TRP groups)
(@upy) X Wi, W, WE;

(aypy) X Won Wy Wiy

o = co-amplifude and

o P, =cophase

o Including special case of a, = p, = 1 (no co-scaling) or @, = 0

e AlfIB. Per-TRP/TRP group (port-group or resource) joint SD-FD basis
selection + relative co-phasing/amplitude (including WB and/or SB).
Example formulation (N = number of TRPs or TRP groups).
(@py) X Wz Ws,y

(aypy) X WspyWoy
o, =co-amplifude and
o P, =cophase
o Including special case of a, = p, = 1 (no co-scaling) or @, = 0
e Alf2. Per-TRP/TRP group (port-group or resource) SD basis selection and
joint (across N TRPs) FD basis sclection. Example formulation (N = number
of TRPs or TRP groups):
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On the Type-II codebook refinement for CJT mTRP, down-select from the following TRP selection/determination
schemes (where N is the number of cooperating TRPs assumed in PMI reporting):

o Altl. N is gNB-configured via higher-layer (RRC) signaling
= The N configured TRPs are gNB-configured via higher-layer (RRC) signaling
= Nis the number of cooperating TRPs
= Note: only one transmission hypothesis is reported
o Alt2. N is UE-selected and reported as a part of CSI report where N€E{1...., Nre}
= Nis the number of cooperating TRPs, while Ntre is the maximum number of cooperating
TRPs configured by gNB
= In this case, the selection of N out of Ntre TRPs is also reported (FFS: exact reporting
scheme)
= FFS: Configuration of Nmre TRPs and the value of Ntre, whether explicit or implicit
= FFS: In addition to one transmission hypothesis, whether reporting multiple transmission
hypotheses (with the same N value or possibly different N values) is supported
o Alt3. The UE reports CSI corresponding to K transmission hypotheses (FFS: supported value(s) of K)
= The N configured TRPs are gNB-configured via higher-layer (RRC) signaling
= Nis the number of cooperating TRPs




