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1. Introduction

In [1] we presented a list of candidate technologies for LTE-Advanced. From the list among others, we have identified extended UE PMI feedback signalling as a potential solution for performance enhancements. This falls under the COMP Coordinated Scheduling category from the TR 36.814 [6]
In [2] also two proposals using extended PMI feedback signalling were made for techniques operating in the regime of partial CSIT sharing and no data sharing named “Collision-avoidance beamforming” and “precoding matrix index (PMI) coordination”.

In [3] in Athens we have presented a framework for PMI feedback signalling that covers single-cell and multi-cell extensions under a general framework.

This contribution now discusses the amount of feedback that is needed for the different cases for such Co-Scheduling.

2. Assumption on RS

In general we assume that the best or worst (pre-coding matrix indicator) PMI determination is based on Measurement RS that define single antenna ports.

For up to 4 antennas these can be the existing cell specific RS (CRS). This enables the proposed methods for even medium mobility. For more than 4 antennas the RS have to be the newly foreseen Measurement RS [8] which are sparse in time and frequency. For high antenna correlation and low mobility these might also be sufficient in the 4 Tx antenna case and could make the CRS partially not needed but this has to be looked at in detail.

3. Amount of PMI feedback signalling 

In this section we discuss the additional amount of feedback signalling that is needed to support extended PMI feedback methods in FDD.

We distinguish the intra-cell and the inter-cell feedback case in the following. We start with the intra-cell case and then concentrate on the inter-cell case to outline what is needed to support the Coordinated Scheduling techniques proposed.

3.1. Intra-cell case

In general UE feedback is enhanced by sending additional PMI reports compared to Rel. 8 [4]. These additional feedback reports can be termed as “best-companion” PMI reports. This is shown in Figure 1 below. 
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Figure 1 – “Best Companion” for improved MU-MIMO pairing

That is, for the serving cell the UE reports also one or more PMI that (when used) create little intra-cell interference to the reporting UE. So using these PMIs for scheduling another UE on the same resource would be favourable (least interference case) for the reporting UE. E.g. if at most 2 UEs are scheduled on the same resource this helps for finding optimal pairing decisions.

Further the UE reports CQI values. The CQI for the preferred PMI assumes no paring of users and no sharing of power. This leads to the reporting pair (preferred PMI, CQI) which is send in the feedback channel by the UE. By adding another user on the same resource and using part of the power the CQI for the first user always gets worse. Thus a delta-CQI can be defined to represent the incurred loss in CQI. The best companion will then go together with the smallest loss Delta-CQI. 
So additionally when a best companion PMI is reported the UE also reports an associated CQI value which will be the loss in CQI (maybe Delta-CQI based) when the eNB uses the best companion PMI. So we have an additional pair (companion PMI, Delta-CQI).
3.2. Inter-cell case

For multi-cell coordination across eNBs, the best or worst companion PMI feedback signalling from the UEs can be used to implement coordinated precoding/beamforming this is shown in Figure 2. 
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Figure 2 - “Best Companion” for inter-cell interference avoidance

In addition to the preferred PMI for the serving cell, the UEs also report best-companion PMI or worst companion PMIs for a number of interfering cells. Based on this additional information, the eNBs then schedule UEs in the different cells (serving and interfering) on the same time and frequency resources using appropriate precoding/beamforming in such a way that the UEs observe lower inter-cell interference than in the uncoordinated case. 

That is, for each relevant interfering cell the UE reports also one or more PMI that (when used) create the smallest or largest intra-cell interference to the reporting UE. So using these PMIs for scheduling another UE on the same resource in the neighbour cell would be favourable or unfavourable for the reporting UE. 

Further the UE reports CQI values for the cases that coordination is used or not used (may be Delta-CQI based). So in case of best companion the Delta-CQI is the gain when the companion PMI is used in the neighbour cell and in case of the worst companion, the Delta-CQI is the gain when this worst companion is not used in the neighbour cell. 

In both cases this leads to the reporting pair (companion PMI, Delta-CQI) which is send in the feedback channel by the UE. 

In order to increase the scheduling flexibility for the coordinated cells, the UEs may report a set of best-companion PMIs or the worst companion PMI for each interfering cell. This increases the number of reports and required feedback capacity. The UE can be configured by the eNB to send the desired kind of reports e.g. semi-statically.
3.3. Feedback calculation/ comparison

Now in summary additionally to the preferred PMI a set of best-companion or worst companion PMIs can be reported in uplink.

In order to estimate the feedback requirement we look at the 4 Tx case. Here 3-4 bits are needed to signal the PMI. To be conservative we assume 4 bits. Further 5 bits are needed to signal a wideband CQI and 2-3 bits for a subband CQI that is differentially encoded. To be conservative we assume here 3 bits for a differentially encoded or Delta-CQI. Then for each additional pair (companion PMI, Delta-CQI) 4 bits are needed for the PMI and 3 bits are needed for the Delta-CQI which is a sum of 7 bit 

We look at a bandwidth of 10MHz which means 9 subbands can be assumed  

Now we distinguish correlated antennas where we assume that the channel transfer functions of the antennas are similar over the frequency axis and deviate only by a phase factor and uncorrelated antennas where this property can not be assumed. Further we distinguish a low mobility case and a medium mobility case.

The following table then summarises our first estimation and current view:

	
	Low mobility (3km/h)
	Medium mobility (30km/h)

	Correlated Antennas
	PMI for whole frequency band sufficient.

One companion PMI, Delta-CQI for whole frequency band sufficient
	PMI for whole frequency band sufficient.

One companion PMI, Delta-CQI for whole frequency band sufficient

	
	subband-CQI reporting every 1-4ms at minimum
	subband-CQI reporting useless only wideband CQI every 100-200ms.

	
	PMI reporting can be very long term since UE position has not changed due to low mobility. Maybe every 1s for the pair report=>

7 bit/s per companion report
	PMI reporting can be long term since UE position changes slowly. Maybe every 100-200ms for the pair report =>

70 bit/s per companion report

	Uncorrelated Antennas
	PMI and CQI for each subband needed.

Companion PMI and Delta-CQI for each subband needed 
	PMI and CQI for each subband needed 

	
	subband-CQI and PMI reporting every 1-4ms at minimum
	Reporting useless

	
	Companion PMI, Delta-CQI per subband reporting maybe every 4ms for the pair report for each subband => 
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15,75 kbit/s per companion report
	Reporting useless since the information is outdated when it shall be applied


4. Conclusion

In our contribution we estimated the feedback amount to realize PMI-feedback for user inter-cell coordination as part of COMP Coordinated Scheduling. 

We investigated the different cases of correlated/uncorrelated antennas and low/medium mobility scenarios for FDD. While for uncorrelated antennas and medium mobility reporting is useless due to feedback delay, for low mobility the feedback amount is still very high and in the range of 15 kbit/s in UL per companion reporting. 
For correlated antennas in contrast to that, the low mobility scenario needs about 7 bit/s in UL per companion and even medium mobility is interesting with still moderate 70 bit/s per companion.
The results can also be taken for consideration of Joint Processing feedback where only partial CSI is shared again the uncorrelated antenna case shows high feedback requirements in UL that have to be taken into account when looking at possible DL performance gains.
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