

Nov 14-18, 2011
Source:
Motorola Mobility
Title:
Feedback Designs for Downlink CoMP
Agenda Item:
7.5.1
Document for:
Discussion 
1. Introduction
The chairman notes from the previous meeting are copied below:
Definition: “CSI-RS resource” here refers to a combination of “resourceConfig” and “subframeConfig” which are configured by higher layers. 

Working assumption:

· Standardise a common feedback/signaling 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. 

Evaluation results submitted to previous meetings have shown promising gains from JT, DPS/DB and CBF schemes [2]
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[5]. As captured by the chairman notes, a common feedback framework that supports all the schemes efficiently, while reusing many of the features from Release-10 feedback channels should be the goal of CoMP feedback designs.
In this contribution, we will first discuss feedback requirements for individual CoMP schemes to draw some commonalities and then present unified feedback frameworks that could be used support all the schemes. Specifically, we investigate up to three options for consideration with aggregate and per-CSI-Resource (or per-transmission point/per-TP) CSI feedback and provide an initial analysis of the associated overhead.
2. Feedback Requirements for Different CoMP Schemes
We will first discuss the feedback for each of the three COMP schemes DPS/DB, CBF and JT.
2.1. Feedback Operation for DPS/DB Schemes

DPS/DB targets improving the SNR to an UE by enabling dynamic selection of a transmission point and blanking one or more interfering points, which can be envisioned as an extension of existing semi-statically configured eICIC scheme. In general, the network needs to be aware of the performance achieved at the UE with a particular transmit configuration which could be defined by, …
A. CoMP Transmission Set ( selected transmission points(s)

B. CoMP Muting Set ( muted transmission point(s). 
In one approach, eNB may determine one additional transmit configuration and request CSI (CQI/PMI/RI) feedback from the UE in addition to the default baseline configuration.  The additional CSI may allow eNB to predict CQI for many relevant cases, and works well as shown in our results [3]
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Figure 1 - Illustration of transmit configuration and UE feedback for DPS/DB
On the other hand, UE may determine the preferred transmit configuration (which could be as simple as the most significant interferer and the selected transmission set of TP(s)) as shown in the illustrated example above and send the corresponding two CSIs to the network.  Some down-selection of CSIs may be targeted, which could be based on some well-defined comparison of CQIs, rank restriction, or a target CQI request. However, it may be simpler to multiplex the multiple reports in time/frequency. 
To summarize, for DPS/DB, we identify following enhancements for UE feedback, without any modification to existing CQI/PMI feedback definitions.

Feedback Modifications

i) Configuration/Selections of Cell Selection and Cell Blanking.

ii) CQI to be defined assuming blanking of one or more significant cells. When assuming transmission from a single-cell, this is essentially per-TP CQI with blanking of one or more TP(s).
iii) Existing RI/PMI/CQI structure can be reused

2.2. Feedback Definitions for Coordinated Beamforming Schemes

Coordinated beamforming schemes in general could target a slowly varying spatial component in case of high latency RRH connections or the short term per cell spatial feedback if low latency RRH type network is considered.  In our view, the focus should be on the latter case so that CBF can be optimized together with feedback designs for JT and DPS.

As opposed to DPS/DB schemes where transmit configuration is simply defined by no transmission from one or more cells, CBF may require the knowledge of the precoder used in interfering cells. So defining implicit feedback in this case, may require a multi-cell preferred PMI feedback with the corresponding CBF-CQI.
However, with CBF a neighbor cell can cancel most of the interference to the UE, in which case a CQI defined for DPS/DB schemes can be reused as an approximation. Note that this is similar to approach currently used for determining MU-CQI, where SU-CQI (assuming no co-channel interference) is used to derive an approximate MU-CQI at the eNB. For PMI feedback, per-CSI-RS resource PMIs to individual TPs, may be sufficient for performing CBF if one of the TPs is an interferer performing coordinated beamforming to a UE.

Observations

i) DPS/DB  based CQI may be used as an approximation for deriving CBF CQI

ii) Per-CSI-RS resource  PMIs to multiple coordination cells may be sufficient to perform CBF

Feedback Considerations
i) Per-CSI-RS resource PMI to one or more cells can be supported. 

ii) Consider Per-TP CQI derived for DPS/DB feedback as baseline for CBF schemes. 

2.3. Feedback Definition for JT-MIMO schemes

For feedback of JT-MIMO, a hierarchical feedback structure is preferable with two components, 

1). Per-cell feedback and 

2). Inter-cell co-phasing feedback

For example, individual per-cell PMIs 
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 are determined by maximizing the per-cell CQIs, assuming single-cell transmission. For the joint PMI, the search is only performed over the co-phasing codebook (e.g., a QPSK codebook). 
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However, to enable testing of this scheme, per-cell CQI, JT-CQI and the feedback of the per-cell PMI and inter-cell co-phasing feedback may all have to be supported.  Enabling JT with three TPs may require correspondingly larger overhead. On the other hand, if the hierarchical structure is used only for defining a precoding codebook for JT (without per-cell CQIs), we do not see much benefit, since a fallback to single cell transmission is not supported. 

Observations: 

i) JT feedback may require per-cell CQI and JT-CQI along with per-cell PMI and inter-cell co-phasing information.

ii) This could cause a three-fold increase in CSI feedback

3. Common Framework for Feedback Designs 

Based on the discussion in the above section, we consider different design options for a common feedback framework for CoMP, with different overhead using example of coordinated transmissions from two TPs.
3.1. Aggregated CSI-RS Resource Feedback and Per- CSI-RS Resource Feedback 

In this option, we consider aggregated feedback for JT, and per-TP feedback for individual TPs which could be used for DPS/DB and CBF.

	Feedback Parameter
	RI
	PMI
	CQI

	Number of Feedback Instances
	3
	3 (2 per TP PMIs and one aggregated  PMI)


	3 (maximum of 6 CW CQIs)



	Feedback Components 
	i) Aggregated RI for JT

ii) Per-TP RI1 for TP1

iii) Per-TP RI2  for TP2
	i) Aggregated PMI for JT 
ii) Per-TP PMI1 for TP1

iii) Per-TP PMI2  for TP2

Note: Aggregated PMI may require more bits than per-TP PMIs
	i) Aggregated CQI for JT

ii) Per-TP CQI1  for TP1

iii) Per-TP CQI2  for TP2

	Overhead for 4x4 Example: 

(2Tx/TP, 4Rx at UE)


	2+1+1 = 4 bits
	4+2+2 = 8 bits
	12-24 bits


3.2. Aggregated CQI and Per-TP PMI, CQI with Inter-Point Feedback

In this option, per-TP feedback is reported which could be used for DPS/DB and CBF, while JT PMI is derived based on an inter-point co-phasing scalar
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	Feedback Parameter
	RI
	PMI
	CQI

	Number of Feedback Instances
	1
	2 per TP PMIs +co-phasing α 


	3 (maximum of 6 CW CQIs)



	Feedback Components 
	Same RI used for  TP1, TP2 and JT
	i) Per-TP PMI1 for TP1

ii) Per-TP PMI2 for TP2

iii) Co-phasing scalar α
	i) Aggregated CQI for JT

ii) Per-TP CQI1 for TP1

iii) Per-TP CQI2 for TP2

	Overhead for 4x4 Example: 

(2Tx/TP, 4Rx at UE)


	1 bit
	2+2+1 or 2 = 5 or 6 bits

If co-phasing α is used with three times larger granularity than PMI , overhead is, 
2+2+(1 or 2)*3 = 7 or10 bits


	12-24 bits


Due to the definition of JT PMI to be based on Per-TP PMIs, the JT rank and the individual ranks are constrained to be the same. However, the actual rank determined for each TP may be different from the optimal JT rank.

Observations
i) In constructing JT PMI based on per-TP PMIs, rank constraints may be needed.
ii) The JT-CQI may still be required. For example, for rank 2 JT transmissions, it is particularly difficult to derive the CQI for JT based on per TP CQIs, which are based on  different MIMO channel behavior. So it seems that 3 CQI instances will still be required.
iii) The CQI seems to contribute mainly to increase in overhead

3.3. JT Feedback with Per-TP PMI and Per-TP CQI

Note that if non-coherent JT is assumed, the feedback can be decoupled to only require per-TP PMI and per-TP CQI.
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With constraint of a single codeword transmission from each of the TPs, the CoMP feedback can be supported with similar overhead as in Release-10. The per-TP CQI definition for a TP, say TP1, can be based on assuming that other TP, TP2 is blanked or transmitting with the reported PMI2.

	Feedback
	RI
	PMI
	CQI

	Number of Feedback Instances
	2
	1
	1 (max of 2CW CQIs)

	Feedback Components
	i) RI1 for TP1

ii)RI1  for TP2
	i) PMI1  for TP1

ii)PMI2  for TP2
	i) CQI1 for CW1 on TP1
ii) CQI2 for CW2 on TP2

	Overhead for 4x4 Example: 

(2Tx/TP, 4Rx at UE)


	1+1 = 2 bits
	4 bits
	8 bits


For single rank transmissions, one possibility is to assume blanking of the other TP for deriving CQI. Further, the coherent JT may be supported for transmission based on the per-TP CSI, where for rank 1,

i) aggregate CQI can be approximated based on the sum of per-TP CQIs.

ii) aggregate PMI is derived from per-TP PMIs, with open loop co-phasing

Observations
i) With single CW transmission from each TP, per-TP/CW RI/PMI/CQI can be used with similar overhead as Release-10

ii) The per-TP CQI definition for a TP, say TP1, can be based on assuming that other TP, TP2 is blanked or transmitting with the reported PMI2.
iii) Coherent JT can be supported, with JT PMI derived based on per-TP PMIs for RI=1, with open-loop co-phasing.
4. Conclusions

In this contribution, we discussed some of the feedback designs for Release-11 CoMP. Based on the discussion, we recommend to consider the following options for further study:

i) Aggregated CSI and Per-TP CSI (maximum overhead) 

ii) Aggregated CQI, and per-TP PMI/CQI with inter-point feedback

iii) Per-TP PMI/CQI feedback with similar overhead as Release-10 

From initial overhead analysis, option iii) above may be considered a good starting point and baseline for further studies. With option iii), some conclusions are summarized below:
i) With single CW transmission from each TP, per-TP/CW RI/PMI/CQI can be used with similar overhead as Release-10

ii) The per-TP CQI definition for a TP, say TP1, can be based on assuming that other TP, TP2 is blanked or transmitting with the reported PMI2.
iii) Coherent JT can be supported, with JT PMI derived based on per-TP PMIs for RI=1, with open-loop co-phasing.
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