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1. Introduction

In this contribution, we briefly explore possible system operations in Coordinated Multi-point (CoMP) downlink transmission and the associated UE demodulation and measurement requirements.  This contribution particularly focuses on coordinated beamforming/precoding as opposed to joint processing/transmission.
This contribution is a resubmission of R1-090325.

2. Coordinated Precoding/Beamforming – System Operation  

Compared to joint transmission in which mode all the participating points transmit the same information to a UE, in coordinated beamforming, each UE is served only by its attached cell (“anchor point”). But precoding at each point (e.g., eNB) may be coordinated to improve the sum throughput or similar system level performance metric. In other words, compared to a single point (SP) scheme, the feedback may be enhanced to aid co-ordination so that the scheduler at each eNB may use this additional information to perform more optimal user scheduling and precoding/beamforming.  As an initial feasibility study we look at a two-eNB coordination scenario for simplicity.  An example operation is summarized below:

·  Two eNBs determine a candidate set of UEs attached to both eNBs on a semi-static basis. For coordinated precoding and UE pairing, eNBs request those candidate UEs to feed back information as to be used in CoMP mode.

· UE then estimates the DL channel to anchor eNB and the other interfering eNB. These estimated channels could be used for either receiver demodulation processing or link adaptation purposes or both. Non-overlapping RS from each participating eNB may be difficult to specify/coordinate, because of system impact to UEs in each cell (e.g., legacy UEs) that do not expect inter-cell orthogonal RS. In addition, there is the concern on overhead especially since near UEs may not benefit much from CoMP. More over, the set of participating points in CoMP is often specific to individual UE, which makes the provisioning of orthogonal CRS among cells in various CoMP set even more challenging. Using existing CRS is possible and conceptually clean, as suggested in [2], but degradation on channel estimation due to interference needs careful investigation [5].  However, for link adaptation purposes, the measurement could be more tolerable to channel estimation errors while receiver demodulation processing performance is expected to be more susceptible to channel estimation errors. One possibility is to use CRS for link adaptation measurement and then use DRS for demodulation. DRS also enable precoding flexibility at eNB in the sense that precoding does not need to be constrained by a codebook such that the post-precoding channel must be constructed from CRS based on known precoding weights. In addition, the precoding weights applied to a UE could be changed in each allocation depending on the paired UE (if a UE should be paired with more than one UE in neighboring cell), in which case DRS may be preferable to reduce signaling overhead.. 
· UE feeds back information related to desired channel and interference channels to its anchor as defined in CoMP mode of operation. eNBs in CoMP operation share the feedback information as collected from candidate UEs in each cell. 
· The scheduler of participating eNBs performs final UE selection/pairing and also computes the precoding matrices based on throughput optimization goal and fairness constraints (e.g., centralized or fully-coordinated UE paring).

· UE may either use DRS for demodulation and link adaptation, or CRS if the precoding weights are based on pre-defined codebook. IC receivers may also be supported by additional signaling such that the interference channel can be estimated as well.
3. Some Results 
We simulate coordination between two adjacent sectors of two different cells to study performance improvements with coordinated precoding. The channel from the two sectors to each UE is generated using SCM. A small fraction of UEs with “lowest” SNR are selected as candidates for coordination transmission. For the two cell case, those UEs also have similar received signal power from each eNB on average. We select 10 UEs from a drop of 100 UEs in each cell. These UEs then feed back various channel information as specified in the table below. The impairments in channel estimation are not modeled in this study. The eNBs perform pairing from the available pool of users and determine precoding matrices at each eNB.  A single stream is transmitted to each UE by its anchor eNB.  The simulated modes are tabulated below.

	Mode Notation
	UE Feedback Hypothesis
	Receiver
	UE Pairing
	eNB Precoding

	SP_PVI_CQI
(Single Point)
	MRC SNR as CQI

PMI feedback
	MRC or IC
	UE with Best CQI in each cell
	Use feedback PVI

	SP_V_CQI
(Single Point)
	SNR as CQI
Eigen Vector feedback
V from covariance matrix R=VΔVH (Assuming eNB has “V”, e.g., from TDD sounding)
	MRC or IC
	Same as above
	Use feedback V

	MP_PVI_MPCQI
	Best Case CQI corresponding to best pairing PVI used by the other eNB  

PVI Feedback
	MRC or IC
	UEs with best sum CQI
	Use feedback PVI

	MP_V_MPCQI
	Best Case CQI corresponding to the best pairing PVI used by the other eNB  

Eigen Vector Feedback
	MRC or IC
	Same as above
	Use feedback V

	MP_R
	R Feedback

R=ΣHiH Hi (Assuming eNB has “R”, e.g., from TDD sounding)
	MRC or IC
	Sum capacity calculated from R
	Use R


Single point modes are also simulated for benchmarking and to study potential performance improvements with cooperative beamforming. The user pairing algorithms use proportional fairness, by modifying an approximate rate metric to proportional rate. The performance metric tabulated below is the average of spectral efficiency in each cell. 
	Mode


	0.5

Urban Macro (UM) AS=8deg 
MRC    IC
	0.5

UM AS=15deg 
MRC    IC
	10

UM AS=8deg

MRC    IC
	10

UM AS=15deg

MRC    IC

	SP_PVI_CQI
	2.5894
	4.3396
	2.4007
	4.0674
	1.6544
	3.3889
	1.6597
	3.2670

	MP_PVI_MPCQI
	2.6456
	4.4107
	2.4647
	4.1362
	1.7766
	3.5595
	1.7908
	3.4472

	SP_V_CQI
	2.8678
	4.6226
	2.6428
	4.3284
	1.8484
	3.5540
	1.8634
	3.4458

	MP_V_MPCQI
	2.9565
	4.8757
	2.6900
	4.4959
	1.9762
	3.7465
	2.0061
	3.6641

	MP_R
	5.0789
	5.2145
	4.4186
	4.7153
	2.4037
	3.8916
	2.4181
	3.8374
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	Mode


	0.5

UM 8deg

MRC    IC
	0.5

UM 15deg

MRC    IC
	10

UM 8deg

MRC    IC
	10

UM 15deg

MRC    IC

	SP_PVI_CQI
	2.9783
	5.1984
	2.9002
	4.7951
	2.0934
	 4.1650
	 2.1200
	 4.3816

	MP_PVI_MPCQI
	3.2561
	5.4917
	2.5885
	5.1866
	2.0078
	4.6117
	2.1105
	4.7449

	SP_V_CQI
	3.9467
	5.6624
	3.5454
	5.4652
	2.4850
	4.5541
	 2.5103
	 4.8692

	MP_V_MPCQI
	4.2583
	6.8338
	3.2133
	6.2877
	2.3659
	5.3966
	2.4794
	5.5142

	MP_R
	6.8988
	7.0439
	5.8643
	6.1981
	3.4190
	5.4864
	3.4801
	5.4952
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The first mode is a baseline for comparison, and represents the current single point codebook based operation in Release 8. Using CQI that assumes MP operation (refer to the second row), enhancement to the pairing operation improves performance by 5-10% depending on the receiver. Note that certain types of “null” PMI feedback can be used to improve eNB precoding to reduce interference in addition to this CQI enhancement. However, we have observed limited gain. This may be at least partly due to the Release 8 codebooks, which are not designed for multi-user transmission modes. It may also be difficult to pair users based on these null-PMI list. This aspect could be studied in some additional detail in the future.

On the other hand, compared to Rel-8 single point SU-MIMO scheme, 20-30% gains can be achieved with improved feedback and coordination schemes, as observed from the last three rows of the table. The gains are much larger if the UE receiver can only use a lower complexity MRC that cannot help canceling any interference. In that case, it becomes more important for eNBs to perform better precoding and user pairing to minimize the inter-eNB interference.  
4. Conclusion

In this contribution, we discussed potential operation scenarios for coordinated precoding/beamforming in Coordinated Multi-point (CoMP) downlink transmission. Even though this is a preliminary study using a two-cell simulation scenario, it is clear that coordinated beamforming with improved feedback can deliver significant gain to cell-edge UEs. Similar studies have been reported in previous contributions [3][4]. However, accurate measurements at UE from multiple nodes, UE feedback and information exchange between eNBs could still present some challenge.  We also note that a CoMP allocation may require appropriate RS design. One approach is to use DRS for each stream for demodulation. If DRS for other UEs are also make available (with some additional overhead of course), IC receiver can also help to make the coordinated precoding and user scheduling more robust to measurement and reporting errors.
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