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1. Introduction
Agreement from RAN1 #67 is to use at least per-CSI-RS-resource feedback so that eNB can apply different UE-specific CoMP schemes more flexibly. Per-CSI-resource feedback is also easier to be scaled according to the TPs involved in the chosen CoMP transmission scheme.
One of the remaining questions is whether to introduce additional feedback. Based on agreement in RAN1#66b, feedback scheme is to be composed from one or more of the following, including at least one of the first 3 sub-bullets:
· feedback aggregated across multiple CSI-RS resources 

· per-CSI-RS-resource feedback with inter-CSI-RS-resource feedback

· per-CSI-RS-resource feedback

· per cell Rel-8 CRS-based feedback 

Hence, in this contribution we discuss the need of inter-CSI-RS-resource feedback when at least per-CSI-RS-resource feedback is supported.
2. Inter-CSI-RS-resource versus aggregated feedback 
First, we need to point out the difference and relationship in our view between inter-CSI-RS-resource feedback and aggregated feedback (i.e., aggregated across multiple CSI-RS resources):
· Inter-CSI-RS-resource feedback: May include feedback of channel amplitude and/or phase relationship between a CSI-RS resource and a reference CSI-RS resource. Note that aggregated CQI is, in our definition at least, considered as a type of aggregated feedback, instead of inter-CS-RS-resource feedback, even though aggregated CQI may be deemed as some kind of inter-CSI-RS-resource relationship (e.g., CQI gain if a phase relationship is used).  
· Aggregated feedback: Feedback of CSI (RI, PMI, & CQI) for an aggregated set of CSI-RS resources. In other words, aggregated CSI is fed back based on the observation of the totality of multiple CSI-RS resources. Note that aggregated feedback does not refer to the aggregation of feedback content, such as bundled per-CSI-RS-resource feedback together with possible inter-CSI-RS-resource feedback. 
Following the clarification above, we can see that inter-CSI-RS-resource and aggregated feedback may be present together. An example of that is inter-CSI-RS-resource phase feedback along with an aggregated CQI assuming SU-JT. However, aggregated CSI feedback may not need inter-CSI-RS-resource feedback. Fox example, aggregated PMI somewhat combines per-CSI-RS-source PMI feedback with a recommended co-phasing, and thus could replace per-CSI-RS-resource feedback and inter-CSI-RS-resource phase feedback. 
In summary, our view is

· In addition to per-CSI-RS-resource feedback, the need of inter-CSI-RS-resource feedback which includes inter-CSI-RS-resource phase and/or amplitude information depends on the benefit it introduces. Inter-CSI-RS-resource feedback needs to be studied together with aggregated CQI (either complement or compete with each other).
3. Inter-CSI-RS-resource amplitude feedback
When the UE observes significant amplitude (power) difference from different TPs (i.e., CSI-RS resource in this context), the feedback of inter-CSI-RS-resource amplitude/power information, either on a subband or wideband basis, could help the scheduler to:
· Determine JT transmission points more dynamically, and potentially also on a per-subband basis. Inter-CSI-RS-resource amplitude/power information can be deemed as an enabler for dynamic muting.
· Adjust the relative transmission power, including muting as a special case of power adjustment. Note that the power adjustment is subject to the constraint of both total power and per-TP power.

Since we are discussing feedback of instantaneous wideband or subband amplitude/power (in the wideband case, the amplitude information is the same as received power, either averaged or instantaneous), we have to note the likely availability of per-TP RSRP as well (under discussion in parallel). The long-term RSRP can at least serve the purpose of managing the UE-specific CoMP measurement set [1]. For example, only TPs within a range of similar RSRP are reported because it is more likely to see any potential benefit from JT in this situation. 
The question considered here is whether wideband or subband inter-CSI-RS-resource amplitude/power feedback is needed if long-term per-TP (wideband) RSRP is available. We note that it is possible that on a per-subband basis, the JT decision may differ from a decision made based on a long-term RSRP. For example, the instantaneous sub-band power between TPs may become too large for JT, even though the long-term RSRP is within a range. But since a single TB may often occupy multiple subbands with different instantaneous quality, eNB may not be able to, for that single TB, apply non-CoMP on some subbands and CoMP on some others. Also, inter-CSI-RS amplitude subband feedback is most beneficial when the instantaneous power difference deviates a lot from the long-term RSRP. If the power difference is small, as in perhaps most of the cases, dynamic fine tuning of transmission power may not be that helpful. At least, subband power adjustment will make the scheduler more complex.  Inter-CSI-RS-resource amplitude/power feedback also will require new definition of feedback metric, either in the form of a new or augmented codebook or via direct quantization. 
To summarize, our view is:

· Inter-CSI-RS-resource amplitude/power feedback (wideband or subband) may not be needed if long-term per-TP (wideband) RSRP is available.

4. Inter-CSI-RS-resource phase feedback
For SU-JT, inter-CSI-RS-resource phase feedback will provide performance gain as expected. The gain, however, is also expected to decrease in any one of the following conditions:
· Decreasing feedback granularity in frequency domain (e.g., from subband to wideband)

· Increasing timing and/or frequency synchronization errors between TPs

· Increasing feedback latency/periodicity

Even though it is not decided whether per-CSI-RS-resource feedback and additional inter-CSI-RS-resource phase feedback will be using PUSCH only, or PUCCH only, or both,  it is also noted that at least per-CSI-RS-resource feedback should be able to use Rel-8/9/10 PUCCH mechanism. The following discussion assumes a periodical feedback mechanism like PUCCH based.
PUCCH-based periodic feedback is subject to the feedback periodicity configured by eNB and potential CSI feedback dropping due to conflict. Compared to single-point transmission, larger feedback overhead is needed to support CoMP transmission. To avoid frequent CSI dropping, prolonging the period for periodic CSI feedback is a possible way to accommodate more feedback. CSI corresponding to multiple CSI-RS-resources could be multiplexed in several subframes within the feedback period. Such an approach is straightforward with little specification impact. However, a practical concern is that the feedback accuracy may degrade due to the prolonged feedback time. Another concern is that the TDM method increases the probability of the CSI dropping due to collision with A/N, especially when CA is simultaneously supported. In general, the amount of overhead and the feedback period should be well designed to keep the degradation tolerable.
We first evaluate the usefulness of inter-CSI-RS-resource phase feedback under different feedback delay/periodicity through system-level simulations. Here we assume that per-CSI-RS-resource feedback, inter-CSI-RS-resource phase information and aggregated CQI are all perfectly fed back in one message with different feedback periodicity and also no A/N collision. The considered speed of UE is 3km/hr. Other simulation parameters are detailed in Appendix.  
	Feedback contents
(IPI = Inter-CSI-RS 
Phase Information)
	Average total throughput 

(Marco +4RRH) 
	50% Cell Median User
	5% Cell Edge User

	
	Throughput (Mbps)
	Gain (%)
	Throughput (Mbps/user)
	Gain (%)
	Throughput (Mbps/user)
	Gain (%)

	with IPI and aggregated CQI feedback 

(period = 5 ms)
	106.52
	0.00
	2.68
	0.00
	0.73
	0.00

	without IPI; with aggregated CQI feedback

(period = 5 ms)
	103.88
	-2.48
	2.29
	-14.55
	0.62
	-15.07

	with IPI and aggregated CQI feedback 

(period = 10 ms)
	105.50
	-0.96
	2.58
	-3.79
	0.71
	-2.51

	without IPI; with aggregated CQI feedback

(period = 10 ms)
	99.38
	-6.70
	2.26
	-15.67
	0.59
	-19.17

	with IPI and aggregated CQI feedback 

(period = 20 ms)
	97.80
	-8.19
	2.51
	-6.34
	0.61
	-15.46

	without IPI; with aggregated CQI feedback

(period = 20 ms)
	97.04
	-8.9
	2.40
	-10.4
	0.54
	-26.7

	with IPI and aggregated CQI feedback 

(period = 40 ms)
	85.86
	-19.40
	1.85
	-28.24
	0.39
	-45.75


From the simulation results above, we observe that:
· TDM-like feedback with feedback period less than 20ms may be capable of supporting CoMP feedback by properly planning the feedback period and offset for each CSI report with only little performance degradation.
· The inter-CSI-RS-resource phase information (IPI) can provide slight gain on average system performance if the feedback period is less than 10 ms. The gain reduces as periodicity increases. 
· The inter-CSI-RS-resource phase information seems to provide larger gain for cell-edge users, which is consistent with the fact that cell edge UEs benefits more from CoMP.
We note that both subband size and reporting period for all subbands are configured by RRC, and hence it is reasonable to also configure inter-CSI-RS-resource feedback reporting through RRC. For example, it is suggested to use fewer bits for the phase information as the delay increases. It is also possible to piggyback this information with other reports. 
When collision of feedback reports is not avoidable with the planning of feedback period and offset, a CSI dropping rule with a dropping priority should be well-defined according to the importance among the CSI reporting types, including the new feedback type related to CoMP. From the performance above, the phase information may be deemphasized. 
It was also reported that inter-CSI-RS-resource phase feedback will help MU-JT. While it is expected that MU-JT will need more accurate combined channel matrix information, it is not clear that the coarse inter-TP phase information will be good enough. We still believe that SU-JT for cell edge UEs (i.e., the most likely use case for CoMP) should be the focus here. Inter-CSI-RS-resource phase is more important in rank-1 SU-JT than in rank-2 SU-JT. Note that converting significant interference signal to constructive signals in SU-JT makes it more likely to support rank-2 even for “cell-edge” UEs (which is actually cell-center within the cluster of TPs).  
To summarize, our view is:

· The effectiveness of inter-CSI-RS-resource phase feedback depends on a number of factors (e.g., feedback granularity, periodicity, potential dropping, rank-2 vs. rank-1 transmission). 
5. Inter-CSI-RS-resource phase feedback vs. aggregated CQI

As mentioned before, inter-CSI-RS-resource phase feedback may be complemented by aggregated CQI which is important when it can reflect SU-JT gain. Aggregated CQI may be derived from per-CSI-RS-resource CQI feedback (depending on the definition of per-CSI-RS-resource CQI). We will defer much of the CQI discussion in the companion paper of [2]. The debate of whether aggregated CQI needs to be fed back, as opposed to eNB prediction based on per-CSI-RS-resource CQI, is also treated in [2]. In this section, we want to share study results on the relative importance of inter-CSI-RS-resource phase feedback and aggregated CQI. Note here that aggregated CQI is assumed to be the CQI derived at UE based on an applied CoMP scheme (e.g., SU-JT here). Here, we are focusing on the relative importance of the two information (inter-CSI-RS-resource phase and aggregated CQI). 
	Throughput analysis

 feedback period = 20ms

	Feedback contents
(IPI = Inter-CSI-RS 

Phase Information)
	Average total throughput 

(Marco +4RRH)
	50% Cell Median User
	5% Cell Edge User

	
	Throughput (Mbps)
	Gain (%)
	Throughput (Mbps/user)
	Gain (%)
	Throughput (Mbps/user)
	Gain (%)

	with IPI and aggregated CQI feedback
	97.80
	0.00
	2.51
	0.00
	0.61
	0.00

	without IPI; with aggregated CQI feedback
	97.04
	-0.77
	2.40
	-4.38
	0.54
	-11.48

	with IPI; without aggregated CQI feedback
	77.32
	-20.94
	1.61
	-35.98
	0.31
	-49.49

	without IPI; without aggregated CQI feedback
	75.58
	-22.72
	1.68
	-33.05
	0.33
	-47.08


From the table above, it is clear that the gain due to the phase alignment supported by IPI is quite limited, compared to the case without IPI. In contrast, dropping the aggregated CQI degrades system performance more significantly. Aggregated CQI is more precise than the predicted CoMP CQI based on per-CSI-RS-resource CQI feedback and inter-CSI-RS-resource phase information (see [2] for prediction method). This is simply because the prediction itself introduces heavy quantization error. The detail of the CQI estimation at eNB is again given in [2].
To summarize, our view is:

· Aggregated CQI seems to be more important than inter-CSI-RS-resource phase feedback. UE feedback of aggregated CQI is still useful because predicted CQI seems not accurate enough. 
6. Conclusion 
This work discusses the need of per-CSI-RS-resource feedback with inter-CSI-RS-resource feedback with practical consideration of feedback delay. Our view is:
· In addition to per-CSI-RS-resource feedback, the need of inter-CSI-RS-resource feedback which includes inter-CSI-RS-resource phase and/or amplitude information depends on the benefit it introduces. Inter-CSI-RS-resource feedback needs to be studied together with aggregated CQI (either complement or compete with each other).

· Inter-CSI-RS-resource amplitude/power feedback (wideband or subband) may not be needed if long-term per-TP (wideband) RSRP is available.

· The effectiveness of inter-CSI-RS-resource phase feedback depends on a number of factors (e.g., feedback granularity, periodicity, potential dropping, rank-2 vs. rank-1 transmission). 

· Aggregated CQI seems to be more important than inter-CSI-RS-resource phase feedback. UE feedback of aggregated CQI is still useful because predicted CQI seems not accurate enough. 
Appendix 
Table: Simulation assumptions
	Parameter
	Settings

	System bandwidth 
	10 MHz (2 GHz)

	Subframe (TTI) length 
	1 msec

	Duplex
	FDD

	Cell layout
	19 macro-cells, 3 cells per Macro-cell; wrap round is used;
 4 lower power nodes per cell

	Macro-cell ISD (Inter-site distance)
	500 m

	Backhaul
	Point-to-point fiber,  zero latency and infinite capacity

	Deployment scenarios
	Restricted rank-1 transmission is implemented:
· SU-JT-CoMP in CoMP Scenario 3 with configuration 1
· Coordination level: 1Marco + 4RRH

	MeNB and low-power RRH TX powers
	46 dBm and 30 dBm

	Number of UEs per cell and macro cells
	30 and 57

	Channel estimation
	Ideal

	Channel model
	3GPP Case 1: UMa for Macro and UMi for RRH

	Network synchronization
	Synchronized

	eNB antenna configuration
	2TX ULA with 0.5 λ separation. 
3D pattern with 12° electric downtilt

	RRH antenna configuration
	2TX ULA with 0.5 λ separation. 
2D pattern, Omni-directional 

	UE antenna configuration
	2 RX ULA with 0.5 λ separation

	Scheduler
	Proportional fair scheduling

	Feedback scheme
	CSI feedback (subband PMI, wideband CQI report) for JT CoMP
· Option 1: 2-bit co-phasing component for each non-anchor cell is reported or not
· Option 2: 4-bit aggregated CQI for JT-CoMP UEs is also reported or not
· Feedback periodicity is 20 ms 

	Criteria for CoMP 
	RSRPserving cell – RSRPcoordinating cell < 9 dB

	Open-loop link adaption (OLLA)
	NOT applied

	UE Receiver
	MMSE-IRC (R1-110586)

	Control OFDM symbols 
	3

	Traffic model
	Full buffer
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