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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In previous RAN1 meeting, the following agreements have been achieved [1]:
· Adopt the following for NR reception:
· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs
· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP 
· Note: the case of single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner
· Note: CSI feedback details for the above case can be discussed separately

[bookmark: _GoBack]In this contribution, we discuss further details of the CSI acquisition for NCJT. This contribution is revised from R1-1713760.
[bookmark: _Ref129681832]Discussions
Consider a multi-TRP coordinated transmission scenario as shown in Figure 1, where a measurement set consisting of TRP1, TRP2, and TRP3 is depicted. Two TRPs (e.g. TRP1 and TRP2) from the measurement set are further chosen (as a transmission set) for non-coherent joint transmission (NCJT), which corresponds to the transmission scheme where transmission of the MIMO layer(s) is conducted from two or more TRPs without cross-TRP adaptive precoding.
[image: ]
Figure 1. A multi-TRP coordinated transmission scenario.
Channel and interference hypothesis for NCJT
Here, we mainly focus on the scenario where different codewords (CWs) are transmitted from different TRPs, where each TRP conducts adaptive precoding independently. Based upon the above set up, and also consider the case where there are overlap between resource allocations from different TRPs for a UE, the inter-TRP interference should be considered during the calculation of CSIs, in order to facilitate the precoder selection and link adaptation for each TRP. In this regard, the following channel and interference hypothesis should be taken into account, for a transmission set:
Hypothesis 1: channel measurement from TRP1, interference measurement from TRP2, interference measurement from outside the transmission set.
Hypothesis 2: channel measurement from TRP2, interference measurement from TRP1, interference measurement from outside the transmission set.
On the other hand, if there exists non-overlap resource allocations from different TRPs, additional channel and interference hypothesis should also be considered as follows:
Hypothesis 3: channel measurement from TRP1, interference measurement for non-overlap resource allocation and from outside the transmission set.
Hypothesis 4: channel measurement from TRP2, interference measurement for non-overlap resource allocation and from outside the transmission set.
It is quite obvious that different resource allocation strategy leads to different combinations of available channel and interference hypothesis, which further determines the overhead of CSI measurement and reporting.
Observation 1: A measurement hypothesis of NCJT corresponds to a channel measurement hypothesis and an interference measurement hypothesis. 
Independent schedulers for coordinated TRPs result in independent scheduled resources. Only on the overlapped resources, one coordinated TRP is causing interference to another coordinated TRP. On the non-overlapped resource, coordinated TRPs would not cause interference to each other. With non-ideal backhaul, the scheduled resources may find little chance to be exchanged. Therefore, in CSI measurement stage, which is before the scheduling stage, it is difficult to know the exact interference condition on each scheduled resource but only with hypotheses. It makes the TRP confused to choose one CSI report among several (suppose the TRP obtains several CSI reports based on several interference hypotheses configurations) for a better match to the real channel and interference condition so as to determine a more appropriate MCS. It would be better if the TRPs can know in advance the will-be-scheduled resources for each other. This will help a TRP to know which subband is interfered by another TRP, which subband is not and in return to choose one best CSI report on a subband to determine MCS for the subband. The prior scheduled information can be conveyed to the UE by means of CSI-RS bandwidth configuration, thus the bandwidth configuration of the CSI-RS (e.g. subband CSI-RS) can refer to the will-be-scheduled resources. 
[image: ]
Figure 2. Interference hypothesis for partial overlapped resources allocation.
The information exchange among TRPs could be through X2 interface. However, the X2 interface may not be the only way because of its possible large time delay. The X2 interface may cause X slots delay before TRP1 making its scheduling decisions, as shown in Figure 3(a). In the contrast, since UE may have knowledge of both of the two TRPs’ scheduled resources; TRP1 could get UE’s feedback to derive which part of its scheduled resources is interfered by TRP2. For example, the UE can report overlapping condition of the two TRPs’ scheduled resource to TRP1. The advantage of the air interface report is to reduce time delay. As shown in Figure 3(b), the possible shortest time delay would be 2 slots. 1 slot for TRP1 to inform the UE of its prior scheduling information after UE feeds back CSI report(s). 1 slot for the UE to feedback resource overlapping condition to the TRP1 after the UE obtains both TRPs’ scheduling information at the same time. Therefore, in the cases that X2 interface time delay is larger than the time delay by air interface, the scheduling information can be exchanged through air interface instead of X2 interface in the pursuit of less time consumption. 
[image: ]                [image: ]
(a)												(b) 
Figure 3. Time delay by X2 interface or air interface. (a) Time delay if TRP1 obtains TRP2’s scheduling info by X2 interface. (b) Time delay if TRP1 obtains TRP2’s scheduling info by air interface
Observation 2: CSI-RS bandwidth configuration (e.g. subband based CSI-RS) from two TRPs may help to derive the interference information between the two TRPs.  

PMI/CQI calculation for NCJT




For Hypothesis 1, the interference measurement from TRP2 can be denoted as, where is estimated from the NZP CSI-RS resource allocated for TRP2. By, the inter-TRP interference from TRP2 to TRP1 is presented, and the corresponding SINR can be demonstrated as

,

where denotes the interference from outside the transmission set based on a ZP CSI-RS measurement.




For Hypothesis 2, the interference measurement from TRP1 can be denoted as, where  is estimated from the NZP CSI-RS resource allocated for TRP1. By, the inter-TRP interference from TRP1 to TRP2 is presented, and the corresponding SINR can be demonstrated as

.





It can be observed that the calculation of  and  is inter-related. Both of which relies on the measurement on, and. This inter-relationship also suggests that once allocated, the NZP and ZP CSI-RS resources for deriving the CSI of Hypothesis 1, can be used for deriving the CSI of Hypothesis 2, and vice versa.
Observation 3: The channel and interference measurement hypotheses are inter-related between TRPs in NCJT.
Since the hypotheses are strongly related to each other, i.e. the channel measurement is swapped to be interference measurement and the interference is swapped to be channel when calculating according to another hypothesis, it is beneficial to report the two measurements at the same time instead of separate reporting, in order to save the CSI acquisition delay at TRP. If both of them are periodic reports, the two CSI reports can be configured by one reporting setting. If both of them are aperiodic reports, the two CSI reports can be triggered at the same time. If both of them are semi-persistent, the two CSI reports can be activated/deactivated at the same time. 
Proposal 1: Multiple CSI reports can be configured/triggered to be reported simultaneously to reduce the CSI acquisition delay at TRP side. 

In the CSI measurement stage, suppose there’s no prior information at TRP side, then the TRP would configure CSI measurement setting (as well as resource setting, reporting setting, etc) based on its assumption, such as TRP2 would interfere its data transmission or TRP2 would not interference. In CSI configuration which assumes TRP2 would interference, the configured resource inside the settings would configure the UE to measure the interference from TRP2. While in another CSI configuration without a specific resource for TRP2 interference, resources for TRP1 channel and interference measurement are included in this CSI configuration. After all, UE follows the configuration which comes from the TRP. However, based on the discussion in the above, if there’s no overlapping resource between the two TRPs in the scheduling stage, there’s no interference among them in the data transmission stage, thus in the CSI measurement stage, the TRPs should better configure CSI measurement resources which are for no inter-TRP interference. A dilemma is that the overlapping condition is only determined after scheduling stage. In CSI measurement stage without prior information, UE would not know such information. To solve the dilemma in a simple way, UE could assume that all the PDSCH layers for the UE would occupy same time and frequency resource in data transmission stage, and in return, in the former CSI measurement stage, UE could assume the interference from the other coordinated TRPs would always count. Only in this condition makes the mentioned CSI configuration (e.g. TRP2 as a coordinated TRP would perform interference when TRP1 and TRP2 are in NCJT) meaningful and effective. 
Observation 4: For NCJT CSI feedback, it can be considered that UE reports RI/PMI/CQI based on UE side assumption that all the corresponding PDSCH layers occupy same time and frequency resource. 

MIMO layer for NCJT
In NCJT transmission scheme, each TRP performs independent scheduling, UE should report respective CSI for different TRPs, in which case UE has no idea how TRP will use the feedback information. Meanwhile, due to non-ideal backhaul, the scheduling results from different TRPs cannot be exchanged dynamically. Each TRP only knows the number of MIMO layers scheduled by itself, which, however, could make the total scheduled layer number of some UEs exceed its layer-decoding capability. As showed in Figure 4, it is obvious that almost 15% scheduled layers exceed UE’s layer-decoding capability (4 layers). And it will bring performance loss if these data are dropped at UE side due to UE’s capability. Therefore, we should consider RI restriction at TRP side or at UE side. 
One solution is that we can restrict the max value of feedback RI at TRP side. It is worth nothing that codebook subset restriction cannot be applied in CSI measurement for NCJT transmission in two scenarios: 1) codebook subset restriction is not defined for type II codebook and 2) PMI reporting is not configured.  Therefore, if PMI reporting is not configured or type II codebook is configured by high layer, the restriction parameters shall be set in the reporting setting signaling (e.g. max value of feedback RI for each TRP is 2 layers) at L2/L3.
In Figure 5, we present the UPT performance gain for NCJT with RI restriction over NCJT without RI restriction. The assumptions and parameters for the simulation are specified in Appendix. According to the simulation results, NCJT with RI restriction scheme can significantly improve the UPT performance over the NCJT without RI restriction scheme. Specifically, about 15% gain at mean UPT for non-full buffer traffic.
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Figure 4. Total layers scheduled by two TRPs simultaneously
[image: ]   [image: ]
Figure 5. Gain of NCJT with RI restriction over NCJT without RI restriction
Proposal 2: NR should support RI restriction signaling at L2/L3.

CSI acquisition details for NCJT
According to the above discussed CSI-related configurations, a CSI framework can thus be formulated to enable the NR NCJT CSI operation (see Figure 6). For a general discussion of the CSI framework design, please refer to our previous contribution [2].
[image: ]
Figure 6. CSI framework for NCJT CSI operation
One CSI reporting setting (0) is associated to two Resource settings (0 and 1) via two links, respectively. The CSI-RS resource(s) within the Resource setting 0 is for channel measurement, while the CSI-RS resource(s) within Resource setting 1 is for interference measurement.
Resource setting
To address the inter-relationship of channel and interference measurement hypotheses between TRPs, the CSI-RS resources for the two-TRP NCJT CSI measurement and reporting are to be configured within one Resource setting for channel measurement. For Resource setting 0, two CSI-RS resource sets are configured, where set 0-1 corresponds to the channel measurement CSI-RS resource(s) for TRP1, and set 0-2 corresponds to channel measurement CSI-RS resource(s) for TRP2, respectively.
One or multiple CSI-RS resource configurations can be included in either set 0-1 or set 0-2, for the channel measurement for each TRP. The time domain behavior of CSI-RS transmission can be either periodic, semi-persistent, or aperiodic. For periodic or semi-persistent transmission, the corresponding timing related information should also be configured, e.g. CSI-RS slot configuration, which defines periodicity and slot offset in a single parameter.
CSI-IM resources for the two-TRP NCJT CSI measurement and reporting are to be configured within one Resource setting for interference measurement. For Resource setting 1, two CSI-RS resource sets are configured, where set 1-1 is associated with set 0-1, corresponding to the CSI-IM resource(s) for TRP1, while set 1-2 is associated with set 0-2, corresponding to the CSI-IM resource(s) for TRP2. 
Since either ZP CSI-RS or NZP CSI-RS can be used for interference measurement, there can be a mix of NZP and ZP CSI-RS resources inside a single resource set, where the NZP CSI-RS can be used for inter-TRP interference measurement within a transmission set, while the ZP CSI-RS can be used for interference measurement out of the transmission set.
For aperiodic CSI-RS with aperiodic CSI-IM, joint triggering can be considered. Similarly, joint activation/deactivation can also be considered for semi-persistent CSI-RS with semi-persistent CSI-IM.
The one-to-one association between CSI-RS resource set in channel measurement resource setting and CSI-RS resource set in interference measurement resource setting, corresponds to a channel/interference measurement hypothesis. Further measurement hypotheses can also be included. In this case, the UE can be configured to report the CSI for the selected channel/interference measurement hypotheses. For instance, one or more hypotheses out of all the configured channel/interference measurement hypotheses are to be reported, which include the CSI report and the corresponding indicator of the interference hypotheses, e.g. the CSI-RS resource set ID.
CSI reporting setting
Two CSI reports, each corresponds to one of the two NCJT channel/interference measurement hypotheses, are configured within one CSI reporting setting. The first CSI report corresponds to the CSI-RS/IM configurations in Resource set 0-1/1-1 for TRP1. The second CSI report corresponds to the CSI-RS/IM configurations in Resource set 0-2/1-2 for TRP2. 
The configurations to each CSI report can be further jointly optimized. For instance, some common configurations can be shared among multiple reports, i.e., identical CSI parameters, CSI type, time domain behavior, reporting modes, codebook configuration, etc.
When aperiodic CSI reporting and aperiodic CSI-RS/IM transmission are configured, a joint CSI reporting and CSI-RS/IM triggering mechanism can be considered, as depicted in Figure 6. Similarly, joint CSI reporting and CSI-RS/IM activation/deactivation can also be considered for semi-persistent reporting and transmission.
Based on the above discussion, we have the following proposal on the CSI framework for NR NCJT CSI operation.
Proposal 3: NR supports the following CSI framework configurations for NCJT operation
· Each CSI-RS resource set for channel measurement is associated with one CSI-RS resource set for interference measurement
· Corresponds to a channel/interference measurement hypothesis
· Configure multiple CSI reports within one CSI reporting setting
· Each CSI report corresponds to a channel/interference measurement hypothesis
· Configure ZP CSI-RS resource(s) and NZP CSI-RS resource(s) within a CSI-RS resource set for interference measurement

Conclusions
This contribution discussed the further details of the CSI acquisition for NCJT. The observations and proposals are summarized as follows:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: A measurement hypothesis of NCJT corresponds to a channel measurement hypothesis and an interference measurement hypothesis.
Observation 2: CSI-RS bandwidth configuration (e.g. subband based CSI-RS) from two TRPs may help to derive the interference information between the two TRPs.
Observation 3: The channel and interference measurement hypotheses are inter-related between TRPs in NCJT.
Observation 4: For NCJT CSI feedback, it can be considered that UE reports RI/PMI/CQI based on UE side assumption that all the corresponding PDSCH layers occupy same time and frequency resource.
Proposal 1: Multiple CSI reports can be configured/triggered to be reported simultaneously to reduce the CSI acquisition delay at TRP side
Proposal 2: NR should support RI restriction signaling at L2/L3.
Proposal 3: NR supports the following CSI framework configurations for NCJT operation
· Each CSI-RS resource set for channel measurement is associated with one CSI-RS resource set for interference measurement
· Corresponds to a channel/interference measurement hypothesis
· Configure multiple CSI reports within one CSI reporting setting
· Each CSI report corresponds to a channel/interference measurement hypothesis
· Configure ZP CSI-RS resource(s) and NZP CSI-RS resource(s) within a CSI-RS resource set for interference measurement
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Appendix A
	Parameters
	Dense Urban (Macro layer)

	Carrier frequency
	4GHz

	Subcarrier spacing
	15kHz

	System Bandwidth
	 10MHz

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites

	ISD
	200m

	Minimum distance
	35m

	TP Tx power
	41dBm/10MHz

	TP antenna configuration
	θetilt=104 degree

	
	X-pol (+/-45), (dH, dV) = (0.5, 0.8) λ,
 (M, N, P, Mg, Ng) = (2,4,2,1,1)

	TP antenna pattern
	According to TR 36.873

	TP antenna height
	25m

	UE antenna configuration
	 (M, N, P, Mg, Ng) = (1,2,2,1,1)

	UE antenna pattern
	Omnidirectional

	UE antenna height
	1.5m

	UE antenna gain
	0dBi

	UE receiver noise figure
	9dB

	UE dropping
	indoor UE 80%, outdoor UE 20%

	UE speed
	indoor UE 3km/h, outdoor UE 30km/h

	UE receiver
	MMSE-IRC

	Association of UE to TRP
	attach to 2 TRPs with highest RSRPs

	Transmission scheme
	SU-MIMO/MU-MIMO

	Traffic model
	Non full buffer, FTP traffic model 1, S=0.5Mbytes 

	Traffic load
	20%, 40%, 60%
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