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1 Introduction

Important agreements and working assumptions have been made at RAN1#66bis and RAN1#67: 
Working assumption from RAN1#66bis:

· Standardise a common feedback/signalling framework suitable for scenarios 1-4 that can support CoMP JT, DPS and CS/CB. 

· Feedback scheme 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 

Note that use of SRS may be taken into account when reaching further agreements on the above. 
Agreement from RAN1#67:

· CSI feedback for CoMP uses at least per-CSI-RS-resource feedback.
Discussion on inter-CSI-RS-resource feedback for JT at RAN1#68 lead to the following list of open issues:

· Aggregated CQI is more important

· Can’t find the gain of inter-CSI-RS phase information

· Feasibility of freq- and time-domain synchronisation, and feedback overhead

· Mixing inter-CSI-RS phase feedback with granularity of CQI/PMI

· Vastly expanded overhead with high ranks and frequency selectivity

· Same gain achieved with incoherent JT
· Aggregated CQI is more important; overhead

· Processing complexity and testing 

· Lack of gains across scenarios 1 and 4; rank 2 operation needs clarification

These concerns can be categorized as follows:

1. Gains of inter-CSI-RS feedback: “can’t find the gain of inter-CSI-RS phase information”, “Same gain achieved with incoherent JT”, “Lack of gains across scenarios 1 and 4”
2. Aggregated CQI and higher rank operation: “aggregated CQI  is more important”, “rank 2 operation needs clarification”
3. Feedback overhead: ”vastly expanded overhead with high ranks”, “mixing inter-CSI-RS phase feedback with granularity of CQI/PMI”, relation with aggregated CQI

4. Feasibility of frequency and time domain synchronisation
5. Processing complexity and testing 

While most of these concerns have already been addressed, this contribution addresses the above issues in detail and provides additional considerations for newly raised concerns on higher rank transmissions.

2 Gain of inter-CSI-RS-resource feedback for CoMP
In TR36.819, CoMP performance evaluation for scenario 1 (intra-site 3-cells coordination) is provided. 

Table 1 JT averaged cell-edge gains over single cell SU/MU-MIMO in 3GPP case 1 [1]
	2x2 Xpol FDD
	4x2 Xpol FDD
	2x2 Xpol TDD
	4x2 Xpol TDD
	8x2 Xpol TDD

	26.13% (7)*
	20.42% (7)
	36.94% (4)
	29.37% (4)
	16.09% (4)


* number of sources in brackets
In [2] and [3], the performance of JT was compared with SU-MIMO in the case of wideband CSI and inter-point CSI feedback. On the other hand, all the results used as a basis for the average performance shown in Table 1 have been obtained with frequency-selective inter-point CSI feedback.
Observation: In scenario 1, JT with frequency-selective inter-CSI-RS-resource CSI feedback provides significant gain over SU/MU-MIMO with frequency-selective CSI and CQI feedback.
In [4], we have analyzed the benefits of inter-CSI-RS-resource feedback. From the evaluations, it was shown that inter-CSI-RS-resource feedback is necessary for JT performance gains and 4 bits provide a good performance. To compromise between performance and overhead for the feedback of the relative phase/amplitude offset information, 2 bits may be considered.
Observation: Inter-CSI-RS-resource feedback is necessary for JT
· 2 bits to convey the inter-CSI-RS-resource relative phase offset provide a good trade-off between overhead and performance.
It should also be noted that different CoMP schemes provide different gains in different scenarios. Not a single CoMP scheme has been shown to provide the best CoMP gain across scenarios 1 through 4. While JT has clearly provided the largest CoMP gains in scenarios 1 and 2, DPS/DPB has provided the largest CoMP gains in heterogeneous networks scenarios 3 and 4. While it might have been convenient from a standards and implementation complexity viewpoint to consider a single CoMP scheme, it is however clear from the performance evaluations [1] that not a single CoMP scheme would provide the best CoMP gains in all scenarios.

Observation: not a single CoMP scheme performs best in every CoMP scenario. Coherent JT provides the best performance in scenario 1, and should be supported for such deployments.
3 Aggregated CQI and higher rank operation
The performance evaluation of JT with and without aggregated CQI feedback in [5] showed that aggregated CQI provides only marginal gains over per-point CQI for rank 1 JT, but not reporting inter-point phase feedback would considerably reduce the gains of JT with or without aggregated CQI. This is also summarized in Table 4 below.

Observation: For rank 1 JT, CQI computed with the assumption of single-point transmission is sufficient as long as inter-CSI-RS-resource CSI feedback is reported.

· Aggregated CQI feedback without inter-CSI-RS-resource CSI feedback is at least 15% worse than with inter-CSI-RS-resource CSI feedback (cf Table 4).
In [6] and [7], the performance of JT with higher rank was considered. Considering the potential performance gain for high rank JT (at least rank = 2), aggregated CQI feedback may be considered. If aggregated CQI is adopted for rank 2, it can also be considered for rank 1 along with phase feedback since UE support for aggregated CQI computation would be needed for rank adaptation.

Observation: For high rank JT, aggregated CQI feedback may be considered. If higher rank JT is supported, aggregated CQI can be considered for rank 1, along with inter-CSI-RS-resource feedback.
A detailed CSI feedback design for rank adaptation with JT is provided in a companion contribution [8]. If JT with rank adaptation is supported in Rel-11, the design provided in [8] would incur minimal specification impact.
4 Feedback overhead

In the companion contribution [8], we provide a design of CSI feedback modes for CoMP. In Table 4 of [8], also shown in appendix, we see that both coherent JT and DPS require CQI/PMI/RI of serving point and PMI of each neighbour point, the difference is that DPS needs CQI for each neighbour point whereas coherent JT replaces the CQI of each neighbour point by PhI (Phase Indicator). In table 2, we compare the overhead of DPS and coherent JT, assuming PUSCH mode 3-1 (frequency selective CQI for DPS, or frequency selective PhI for JT), 10 subbands, 4Tx codebook, 3 cooperating points, rank = 1. The overhead of JT is smaller than the overhead of DPS.
Table 2 overhead comparison between DPS and JT with rank 1 feedback
	
	DPS
	JT

	RI
	2*3 = 6 bits
	2 bits

	Wideband PMI
	4*3 = 12 bits
	4*3 = 12 bits

	Wideband CQI
	4*3 = 12 bits
	4 bits

	Subband CQI
	2*10*3 = 60 bits
	2*10 = 20 bits

	PhI
	0 bit
	2*10*2 = 40 bits

	Total
	90 bits
	78 bits


Observation: There is no feedback overhead penalty for JT compared to DPS for rank 1.

In table 3, we compare the overhead of DPS and coherent JT, assuming PUSCH mode 3-1, 10 subbands, 4Tx codebook, 3 cooperating points, rank = 2. From table 6, we can find that the overhead of JT is considerably smaller than the overhead of DPS. If needed, PhI could also be reported for higher rank JT and still achieve a similar overhead as DPS.
Table 3 overhead comparison between DPS and JT with rank 2 feedback
	
	DPS
	JT

	RI
	2*3 = 6 bits 
	2 bits 

	Wideband PMI
	4*3 = 12 bits 
	4*3 = 12 bits 

	Wideband CQI
	(4+3)*3 = 21 bits 
	(4+3) bits = 7 bits 

	Subband CQI
	(2+2)*10*3 = 120 bits 
	(2+2)*10 = 40 bits 

	PhI
	0 bit 
	0*10*2 = 0 bits 

	total
	159 bits 
	61 bits 


Observation: There is no feedback overhead penalty for JT compared to DPS even at higher ranks.

5 Feasibility of frequency and time domain synchronisation

In Table 4, we summarise the pros and cons of JT with respect to frequency synchronization errors. We observe that CQI is also unpredictable with non-coherent JT with frequency synchronization error, as the CQI is computed with the assumption that the inter-point phase is equal to 0, but it the actual relative phase between two points would change in a random manner without sufficient frequency synchronization accuracy.
It was claimed in [2] that non-coherent JT is more robust than coherent JT. However, the lack of predictability of the CQI is independent of the frequency granularity of the CQI feedback, since it would affect each subband independently. Therefore, every subband CQI in PUSCH 3-1 would be wrong for non-coherent JT without sufficient frequency synchronization accuracy.
Table 4 Summary of pros and cons of JT with respect to frequency synchronization errors

	Frequency synchronization accuracy
	CQI
	Coherent JT
	Non-coherent JT

	Good (*)
	Aggregated CQI
	Best (baseline)
	10% loss in average and edge thru (vs. 2 bit phase feedback) 

15% loss in average and edge thru (vs. 4 bit phase feedback) [1]

	
	Per-TP CQI 
(for the reference resource)
	Xpol: 2% loss (with OLLA) 

ULA: 0% loss (with OLLA) [2]
	At least 15% worse than coherent JT with per-TP CQI

	Bad
	Aggregated or per-TP CQI
	Received SNR unpredictable; OLLA cannot help;
CQI report wrong
	Received SNR unpredictable; OLLA cannot help;
CQI report wrong


(*) e.g. 10x better than RAN4 requirements in Rel-8
Observations:

· Similar synchronization accuracy is necessary for coherent and non-coherent JT.
· Standard support for JT (whether coherent or non-coherent) should be designed assuming sufficiently accurate frequency synchronization.
In Table 5, we analyze the synchronization accuracy for coherent and non-coherent JT in scenario 1. 
Table 5 Synchronization requirements for coherent and non-coherent JT in scenario 1

	Metric
	Definition and impact
	Rel-10 requirement
	CoMP JT (scenario 1)

	Cell phase synchronization accuracy [TS36.133]
	Definition: maximum absolute deviation in frame start timing between any pair of cells on the same frequency that have overlapping coverage areas.
Impact: relative phase difference between two geographically distributed BS.
	3 us in TDD for small cell (cell radius <  3 km) of wide area BS
	No need for new requirement;
Perfect sync can be assumed in scenario 1,  even though sectors are in different cells

	Timing alignment error (TAE)  [TS36.104]
	Definition: for MIMO or TxD, at each carrier freq, TAE shall not exceed 65 ns
Impact: relative phase difference between two antennas would vary by 4.212 degrees (360*65e-9*180e3) in one RB.
	65 ns (intra-sector)
	RAN4 may decide the need for inter-sector requirement;
Impact alleviated by frequency-selective phase feedback

	Modulated carrier frequency accuracy [TS36.104]
	Definition: difference between actual BS transmit frequency and assigned frequency. 
Impact: assuming carrier frequency is 2GHz, frequency error is 0.05ppm and 10ms delay, then phase difference between two TPs would vary by 360 degrees between feedback and transmission times.
	±0.05 ppm for wide area BS
	RAN4 may decide the need for inter-sector requirement;
Accuracy should be ±0.01~0.005 ppm;
Impact alleviated by short-term phase feedback


Observation:

· Synchronization accuracy needed for intra-site operation is feasible, for example by sharing the same oscillator at different RRUs of the same site. RAN4 may decide whether or not new synchronization requirements would be needed.
· Subband and/or short-term inter-CSI-RS-resource feedback should be considered to reduce synchronization requirements.
6 Processing Complexity and Testing
The support of joint transmission with the proposed design requires some specific processing at the UE. The UE processing for JT has many commonalities with the processing for single-point CSI feedback. In both cases, the best single-CSI-RS-resource PMI needs to be searched, i.e. it is found by maximizing the single-TP CQI. JT requires the additional search of the inter-CSI-RS-resource phase relative to the reference CSI-RS resource. With a 2-bit codebook for the phase, this search incurs very little complexity.
Observation: UE processing complexity for JT is marginally higher than for CS/CB and DPS.

Testing for CoMP is foreseen to be more complex than for single-cell MIMO, for all CoMP schemes. Testing for joint transmission will be similarly complex for coherent or non-coherent JT. Testing of the inter-CSI-RS-resource phase feedback would naturally be part of a CQI performance test. In any case, RAN4 can define the appropriate tests. Most of the complexity for testing CoMP is incurred by the introduction of multiple transmission points, which is the same for all CoMP schemes.
Observation: Most of the testing complexity for CoMP is incurred by the introduction of multiple transmission points, which is the same for all CoMP schemes.

7 Conclusions
This contribution gives Huawei’s views on CSI feedback modes for CoMP.

Table 6 Huawei’s views on CSI feedback for CoMP 
	Concerns
	Observations

	Gains of inter-CSI-RS feedback
	Gain has been demonstrated with frequency-selective feedback of inter-CSI-RS-resource phase over non-CoMP with frequency-selective CSI feedback [4].
JT provides the largest gain of all CoMP schemes in scenario 1, which is important to operators [9].

	Aggregated CQI
	Aggregated CQI is not necessary for rank 1 but it may be considered if higher ranks are supported for JT. Inter-point feedback is nevertheless necessary for rank 1.

	Higher rank operation
	Most of the gains of JT are achieved with rank 1 feedback. If additional complexity is acceptable, consider rank 2 operation with CSI feedback modes in [8].

	Feedback overhead
	There is no feedback overhead penalty for JT compared to DPS at any rank. Feedback overhead for JT is in fact smaller than for DPS.

	Feasibility of frequency and time domain synchronisation
	Similar synchronization accuracy is necessary for coherent and non-coherent JT.

The synchronization accuracy needed for intra-site operation is feasible. RAN4 may decide whether or not new synchronization requirements are needed for JT. 
Subband and/or short-term inter-CSI-RS-resource feedback should be considered to reduce synchronization requirement

	Processing complexity and testing 
	UE processing complexity for JT is marginally higher than for CS/CB and DPS.
Most of the testing complexity for CoMP is incurred by the introduction of multiple transmission points, which is the same for all CoMP schemes.


Proposal 1: The support of joint transmission at least for scenario 1 in RAN1 specifications will be developed assuming sufficient accuracy of time and frequency synchronization among transmission points controlled by one eNB.
Proposal 2: CoMP CSI feedback supports reporting inter-CSI-RS-resource Phase Indicator (PhI) in addition to per-CSI-RS-resource PMI:

· Inter-CSI-RS-resource PhI feedback is configurable
· If configured, PhI is encoded with 2 bits at least for rank 1
· PhI can be reported per subband
The detailed CSI/CQI feedback modes including support for DPS and JT with rank adaptation are provided in the companion contribution [8] .
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8 Appendix
In this section, the CSI feedback framework proposed in [8] is summarized. In this framework, eNodeB configured the UE to feedback PhI (phase information) or per-TP CQI.
Table 7 CSI Feedback Framework for CoMP (if only rank 1 JT is supported in Rel-11)

	
	PhI configured (JT)
(multi-resource CSI feedback)
	PhI not configured (DPS/CSCB)
(per-resource CSI feedback)

	
	TP0
	TPn
	TP0
	TPn

	RI
	RI
	Same RI as TP0
	RI
	RI

	PMI
	PMI (Vo)
	PMI (Vn)
	PMI (Vo)
	PMI (Vn)

	CQI layer 1
	Single TP CQI
	No CQI
	Single TP CQI
	Single TP CQI

	PhI
	No PhI
	If RI=1: 2-bit PhI* (Dn)
	No PhI
	No PhI

	Assumed precoder
	Vo
	Vo for TP0

Dn*Vn for TPn
	Vo
	Vn


* PhI maybe subband, independent of PMI freq granularity
** PMI maybe wideband, selected for maximizing single-TP SINR
