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1. Introduction

In RAN1 #70 meeting, a WF R1-123976 on rank and subband selection constraints between CSI processes for CoMP has been submitted and discussed through E-mail:

· A RI-reference-process can be configured for a CSI process

· PMI/CQI of the process is calculated conditioned on the RI of its RI-reference-process ,if configured, that is reported in the same or the most recent preceding subframe 

· A subband-reference-process can be configured for a CSI process

· Subband CQI of the process reflecting transmission over the same subband as indicated for the subband-reference-process of the same bandwidth part, that is reported in the same or the most recent preceding subframe 

· FFS: A PMI-reference-process can be configured for a CSI process

· CQI of the process is calculated conditioned on the reported PMI of its PMI-reference-process if configured

· RI associated with the reported PMI is used 

· The PMI-reference-process is only applicable in case the CSI process is configured in the same feedback mode as the PMI-reference-process
In this contribution, the use cases of constrained CSI process were analyzed. Based on that, we considered the possible specification impact of the common information between CSI processes, including periodic reporting timeline problem, and availability of same RI reference and subband selection reference. The measures to deal with them are proposed. 
2. Necessity of reference CSI process for RI/subband selection

It has been agreed that the CSI feedback for CoMP should be based on CSI process. The CSI process is defined as a similar entity of ‘serving cells’ in Rel. 10, for which the CSI should be independently configured and reported. In this case, the reported CSIs can be totally different among multiple CSI processes. However, for CoMP implementation purpose, some reported information, such as the wideband RIs and the selected subband indices, is expected to be correlated or common among CSI processes. To meet the requirement, for each CSI process, a reference CSI process can be configured, from which the common information can be directly read and used for PMI/CQI calculation.

The proposals in the WF mainly focus on RI reference and subband selection reference. Therefore the use cases of these two proposals are discussed in the following subsections independently. 

2.1. RI reference for CoMP
As the first step, we would like to analyze the possibility of different RI values independently reported by different CSI processes. In the existing LTE feedback framework, RI value is determined by both signal and interference strength over the whole bandwidth. Therefore to better understand the problem, we have to analyze each situation independently.

1. CSI processes corresponding to the same interference hypothesis but different NZP CSI-RS-resources. We compared the reported RI values in multiple snapshots during the system level simulation. For each UE whose measurement set size is larger than one, the RI value of each CSI process corresponding to out-of-measurement-set interference and one specific NZP CSI-RS-resource is compared. Based on the statistics, figure 1 (a) and (b) shows the ratio of UEs whose reported RI values for different CSI processes are different, assuming the measurement set threshold is 6 dB and 10 dB, respectively. Note that the detailed simulation assumptions can be found in Appendix.
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Figure 1. Ratio of UEs reporting different RI values based on same interference part

2. CSI processes corresponding to the same NZP CSI-RS-resource but different interference hypotheses. Similar with previous simulation, for each UE whose measurement set size is larger than one, the RI values of CSI processes corresponding to the strongest signal and different interference hypotheses are compared. Based on the statistics, figure 2 (a) and (b) shows the ratio of UEs whose reported RI values for different CSI processes are different, assuming the measurement set threshold is 6 dB and 10 dB, respectively.
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Figure 2. Ratio of UEs reporting different RI values based on same signal part

Observation: It is common that different RI values are reported by different CSI processes for CoMP. The problem is worth to be carefully handled.

According to the E-mail discussion, most companies agreed that the CoMP schemes impacted by the independent reported RIs could be JT and frequency selective DPB. To justify the RI reference configuration method, we’d like to discuss the other candidate solutions for the problem caused by independently calculated CSI.

JT: for JT scheme, when different RI values are reported by the CSI processes which are required to calculate the post-combining CQIs, one possible method is to allow TP-independent rank scheduling, e.g., rank-2 transmission on TP1 and rank-1 transmission on TP2, and the stream transmitted by TP2 should be one of those by TP1. However, in this case, signals on different DM-RS ports can be from different TPs. Since we have agreed ‘DMRS for PDSCH may be assumed as quasi co-located within a subframe wrt to {Delay spread, Rx power, Frequency shift, Doppler spread, Received Timing}’ in RAN1 #70, which means the long term properties of the channel may not be estimated per port, the performance loss of such operation is foreseen and obsession to RAN4 work is inevitable. Therefore in order for JT link adaptation, the common RI value is important to obtain accurate channel information and to exploit channel capacity. Although the common RI can also be realized through codebook subsets restriction, a pre-determined RI value at network side can cause some performance loss. And a configured reference CSI process from which the target CSI process can read RI values seems to be a reasonable solution.

Frequency selective DPB: In frequency selective DPB scheme, the interference may be muted in some PRBs allocated to the UE while in the others it is not muted. eNodeB needs to configure CSI processes corresponding to the same NZP CSI-RS-resources but different interference hypotheses to get CSIs for proper scheduling. However, if the RI values reported for these CSI processes are different, eNodeB has to select one from them for DL scheduling in all the allocated PRBs. And recalculation of PMI/CQI may be required which could degrade the throughput performance.

Some companies suggested that using frequency selective IMR may solve the problem, i.e., in some PRBs the IMR is configured to reflect interference hypothesis 1 while in the other PRBs it is configured to reflect interference hypothesis 2. With this method there is only one CSI processes configured here and a unified RI value can be obtained. From our point of view, this method turns out to be a little tricky, because the frequency selective muting decision should be made by the scheduler after collecting enough information. The frequency selective IMR configuration implicates that eNodeB has already got certain preferred muting decisions, then UE reporting corresponding CSI to the scheduler doesn’t make sense.

However, whether frequency selective DPB can bring performance gain has to be further studied. Therefore based on the above analysis, we propose:

Proposal 1: At least to support JT CoMP implementation, a reference CSI process may be configured for a CSI process for determination of RI value.
2.2. Subband selection reference for CoMP

Since the propagation and fading properties can be totally different among multiple TP-UE links, UE reporting different selected subbands for the different CSI processes could be always observed when UE-selected subband feedback modes are configured.

As analyzed in [1], any CoMP schemes which require post-processing of the feedback information corresponding to multiple CSI processes at network side will be impacted by the different selected subbands. So for each possible CoMP scheme:

DPS/DPB: depending on the implementation method, DPS/DPB may be immune from the possible subbands selection mismatch if the scheduling strictly follows the CSI reported by UE. 

JT: the common subband selection among CSI processes is always required, since the post-combining CQI calculation is necessary. 

CS/CB: since eNodeB-specific precoding is usually required, it is always impacted by different subbands selection.

Therefore it is necessary to support common subband selection for CoMP purpose if UE-selected subband feedback mode is configured to multiple CSI processes. Otherwise we have to abandon at least JT and CB scheme if different subbands are selected by those CSI processes. Note that similar method can also be used when different RI values are reported for configured CSI processes. However, this introduces extra constraint on scheduling procedure, and is kind of violating the criterion of designing a unified feedback framework which can support all the CoMP schemes. Therefore, we propose:

Proposal 2: A reference CSI process may be configured for a CSI process for determination of subband selection, if the CSI process is configured with UE-selected subband feedback modes.

3. Details of reference CSI process related procedures

In PUCCH based feedback, the RI can be reported with a longer period compared with CQI/PMI. The CQI/PMIs are calculated based on the last reported periodic RI. However, if a reference CSI process is configured, the impact to the existing reporting timeline has to be considered, for example, what the linked CSI process should do when the RI value of the reference CSI process has been changed or has not been reported.

Fig. 3 shows a typical example of the RI reference. Assuming CSI process 1 is configured as reference CSI process for CSI process 2. In subframe #1, a RI report is configured for CSI process 1. However, the next RI report of CSI process 2 is configured on subframe #4, which means the PMI/CQI report on subframe #2 has to be based on the RI value in the last RI report or implicated by the codebook subsets, which is different with the one reported by the reference CSI process. In this case, to ensure that the PMI/CQI reported in subframe #2 can be used for JT scheduling, we can:

1. Force every CQI/PMI report of CSI process 2 to be based on the last reported periodic RI of CSI process 1, regardless what was reported in its own last RI report. Therefore once the RI reference is configured to a CSI process, the UE behaviour of each periodic mode is expected to be modified. Note that before the first RI is reported by CSI process 1, the PMI/CQI calculation can be based on the lowest RI allowed by the codebook subset restriction, for both CSI processes. Therefore it's easy to achieve the common RI values at the initializing stage.
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Figure. 3 Example of reporting timeline problem when reference CSI process is configured

2. By applying proper higher layer configuration constraints, we can make sure that there will not be any PMI/CQI report in the interval between the RI reports of CSI process 1 and CSI process 2. The RI reported by CSI process 2 is forced to be the same with that just reported by CSI process 1. Hence the PMI/CQI report for CSI process 2 can be generated based on its own last reported periodic RI, which means the UE behaviour does not have to be modified.

The property of the first method is that the existing CSI process independent configuration can be totally inherited. As long as the UE behaviour has to be modified, the RI report of the linked CSI process is useless, thus the possibility of compression exists at least when conflict with CSIs for the other processes. However, since the CSI process index-based dropping mechanism has been agreed, we are also OK that RI compression is not considered.  

And for the second method, the UE behaviour does not have to be modified. However, the impact of the newly introduced higher layer signaling constraint on RI has to be further studied. Therefore we consider method 1 as a better choice. 

Note that for the subband selection reference, it should be specified that when the reference CSI process is configured, the subband CQI calculation should be carried on the same subband of the last reported subband by the reference. 

Proposal 3: New UE behaviour should be required to make sure that the CQI/PMI report of linked CSI process  is based on the last reported periodic RI or the last selected subband of reference CSI process.

As analyzed in section 2, the use cases of RI reference and subband selection reference can be different. Thus it is possible that a CSI process is configured with different RI reference and subband selection reference. For example, we have 2 NZP CSI-RS-resources in the measurement set, and all the candidate CSI processes configured for CoMP includes: 

Table 1. CSI process candidates for a size-2 CoMP measurement set configuration

	CSI process index
	1
	2
	3
	4

	Signal part
	NZP CSI-RS-resource 1
	NZP CSI-RS-resource 1
	NZP CSI-RS-resource 2
	NZP CSI-RS-resource 2

	Interference part
	Out-of-set interference + NZP CSI-RS-resource 2
	Out-of-set interference
	Out-of-set interference + NZP CSI-RS-resource 1
	Out-of-set interference


Assume that for DPB purpose, either CSI process 1 or CSI process 2 has to be configured as RI reference of the other one, and it's similarly applied to CSI process 3 and 4. And at the same time, for JT purpose, either CSI process 2 or CSI process 4 has to be configured as subband selection reference of the other one, while for CB purpose, similar requirement is applied to CSI process 1 and 3. In order to avoid cross reference which may cause reporting timeline problem, these CSI processes should have a common RI reference, which means some of them will have a different subband selection reference compared to the RI reference. 

Proposal 4: RI reference and subband selection reference should be configured independently.

4. Conclusion

In this contribution, we analyzed the use cases of reference CSI process configuration with respect to RI and subband selection. Based on that, the possible problems caused by the reference configuration and detailed solutions are provided. Our proposals in this contribution are:

Proposal 1: At least to support JT CoMP implementation, a reference CSI process may be configured for a CSI process for determination of RI value.

Proposal 2: A reference CSI process may be configured for a CSI process for determination of subband selection, if the CSI process is configured with UE-selected subband feedback modes.

Proposal 3: New UE behaviour should be required to make sure that the CQI/PMI report of linked CSI process  is based on the last reported periodic RI or the last selected subband of reference CSI process.

Proposal 4: RI reference and subband selection reference should be configured independently.
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Appendix

	Parameter 
	Values used for evaluation 

	Deployment scenario
	CoMP scenario 1, 3, 4

	Inter-site Distance for macros
	500 m

	System bandwidth 
	10 MHz 

	Tx power setting
	46 dBm for macro

30 dBm for pico

	Channel model
	Scenario 1: 3GPP case 1

Scenario 4: ITU UMa for Macro and ITU UMi for Pico

	Number of antennas at transmission point 
	2

	Number of antennas at UE
	2 

	Antenna model
	Uniform Linear Arrays

	CoMP Parameters 
	For Scenario 1, Cooperating set size = 3 (3 macros); For Scenario 3&4, Cooperating set size = 15 (3 macros and corresponding  RRHs), Maximum Measurement Set size = 3

	Traffic model
	Full buffer




