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1
Introduction

In the RAN1#63bis meeting, CoMP evaluation assumptions and scenarios were discussed [1][2]. The R11 CoMP SI will evaluate performance of Joint Processing (JP) and Coordinated Beamforming / Coordinated Scheduling (CS/CB) based DL transmission strategies in deployment scenarios 1-4.

In this contribution, we present a Joint Transmission (JT) scheme in which instead of sending the same Redundancy Version (RV) of a transport block (TB) concurrently from multiple CoMP transmission points to the CoMP UE, different RV’s of that transport block are sent to the CoMP UE from the CoMP transmission points.
We evaluate the potential for performance gains on top of JT using the same RV sequence during the HARQ re-transmission process for that TB using a simplified link level setup. Simulation results indicate that by sending distinct RV sequences from the CoMP transmission points, throughput gains up to 18-22% can theoretically be achieved for the CoMP user under consideration when compared to JT using the same RV’s concurrently.

2
Background

The principle of Joint Transmission based CoMP schemes is to send data to a CoMP UE from multiple TP’s concurrently such that the UE received SINR is improved. In other words, JT CoMP converts a multi-cell interference channel into a distributed MIMO system. The gain resulting from a JT based CoMP transmission strategy is expected from the Rx signal strength improvement and from interference reduction.

Figure 1 shows a basic model of JT CoMP where the data vector d is transmitted to a CoMP UE from 2 CoMP transmission points. In the shown model, xi, wi and Hi represent the modulated signal, the precoder and the DL channel between the UE of interest and the ith CoMP transmission point, respectively.
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Figure 1 – Joint Transmission CoMP
This generalized model can be seen applicable to a number of different JT CoMP strategies such as Global Precoding, Local Precoding and SFN.
One first JT CoMP transmission strategy is to assume that the data payload d sent from each CoMP transmission point in the TTI is generated using the same RV generated for the TB. In consequence, the actual over-the-air transmitted signals from each CoMP transmission point shown in Figure 1 is exactly the same, i.e. x1 = x2. For this case, JT CoMP provides the opportunity of constructive combining of the signals received by the CoMP UE.
It is noted that the choice of an optimized set or sets of precoders wi through either Global or Local precoding in principle results in system improvements independently from the transmission strategy selected to generate the channel-coded sequences in the TTI by the CoMP transmission points.

3
JT COMP using Multiple RV’s
Another JT CoMP transmission strategy is to generate and transmit different RV’s for the same data payload d sent from the CoMP transmission points in the TTI. Therefore, RV sequences transmitted by the CoMP transmission points for a given DL HARQ process n to a UE will typically be different. This transmission strategy is referred to as JT CoMP using Multiple Redundancy Versions.

Hence, x1 ≠ x2, but the received signal at the CoMP UE can benefit both from the possibility of signal combining, as well as improved coding gain through the reception of more parity bits.
Figure 2 shows the principle of JT CoMP using Multiple RV’s with an example of two CoMP transmission points transmitting their PDSCHs to the CoMP UE in a time-synchronized manner, i.e. both transmission points will send the PDSCH in the same TTI.

In R8, the HARQ process for a given Transport Block (TB) is controlled by the RV parameters. The RV specifies the starting point in the circular buffer for the generated coded bit sequence prior to modulation, resource mapping and transmission. The exact set of channel-coded bits selected at the output of the rate-matching stage in the PDSCH channel coding chain depends on the number of input bits, the number of output bits as given by the MCS, and the selected RV parameters.

It is noted that this is just one possible convenient choice for the DL transmission strategy removing the immediate need to generate duplicate A/N’s on the PUCCH (or to otherwise resolve ambiguities in the HARQ timing relationships through additional protocol).
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Figure 2 – JT CoMP using Multiple Redundancy Versions
When CoMP transmission points use different RV’s (and RV sequences during the lifetime of the TB in HARQ process n), this results in availability of more channel-coded bits for the Turbo decoder for any decoding attempt by the CoMP UE following reception of the PDSCH(s) in a TTI.

Effectively, this means a lower code rate compared to the case where the same RV is transmitted by each CoMP transmission point during a TTI. Therefore, the received signal at the CoMP UE can be enhanced both by the possibility of signal combining, as well as improved coding gain achieved by reception of more parity bits.
In order to illustrate the UE receiver processing for the case of JT CoMP using Multiple RV’s, assuming the two CoMP transmission point use RVi and RVj respectively for their transmission of the PDSCH in TTI n, the detection of the combined received signal can be enhanced by: 

· Signal combining that is applicable to the systematic and parity bits that are common to the two received blocks corresponding to redundancy versions RVi and RVj. These are shown in Region 1 (Figure 3).

· Coding gain resulting from more availability of both systematic and parity bits due reception of blocks corresponding to the different redundancy versions RV1 and RV2. These additional systematic and parity bits that become available are shown in Regions 2a and 2b (Figure 3).
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Figure 3 – Receiver combining for JT COMP using Multiple RV’s
4
Evaluation results
4.1
Evaluation model, assumptions and methodology
Since the relative gain observed for (either partial or full) Chase versus IR re-transmission strategies is sensitive to the choice of operating SINR, as well as the relative power between successive re-transmission attempts, we conducted analysis using a simplified two-leg link-level setup for a parameter sweep to bound the potential for gains using a JT COMP with Multiple RV transmission strategy.

The simulation set up consists of two independent 2x2 links from each CoMP transmission point 1 and 2 to the UE under consideration (Figure 4). The same TB is transmitted in the HARQ process n by both transmission points using up to 3 re-transmissions in addition to the first initial transmission. At the receiver side, the demodulated signals of the two links are soft combined by the UE to replicate the CoMP transmission and reception processes.

SINR1 for the PDSCH received from CoMP transmission point 1 is set to 0, 5 and 10 dB. SINR2 for the transmission received in the same TTI from CoMP transmission point 2 is varied in the range -5 to 10 dB.

For the case of multiple-RV transmission, the HARQ sequence related to the incremental redundancy can be selected in a number of different ways. In this evaluation, we have assumed three different RV sequences. The choices of these sequences are based on creating a large distance between the transmitted RV’s, so that it would results in more parity bits and ultimately a better coding gain.
We assume that same PDSCH resources are used for the transmission in the TTI by the CoMP transmission points and that the CoMP UE has separated the transmitted layers of each CoMP TP by relying on orthogonal DM-RS’s. For each of the two 2x2 links, we have used realistic DM-RS and CSI-RS based channel estimation. An MMSE receiver is used for signal detection.

A summary of simulation assumptions is provided in the in Table 2 of Appendix.
The gain of using JT CoMP with Multiple RV’s is computed as percentage of the relative observed throughput improvement for the UE when compared to using JT CoMP with the same RV’s under exactly the same conditions.
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Figure 4 – Evaluation model for JT COMP using the same versus Multiple RV’s
4.2
Evaluation results

Simulation results are summarized in Tables 1a-c, where in each Table the achieved relative throughput gain for each set of SINR1 operating points and RV sequences are shown.

(a)
	SINR1= 0 dB

	SINR2 (dB)
	TP Gain (%) RV2{1,2,3,0}
	TP Gain (%) RV2{2,3,0,1}
	TP Gain (%)  RV2{3,3,0,1}

	-5
	2.20
	0.59
	1.23

	-3
	1.27
	1.76
	1.44

	-1
	2.66
	4.01
	2.93

	1
	2.41
	4.60
	3.50

	3
	3.87
	6.54
	5.61

	5
	4.08
	7.95
	7.11

	7
	3.86
	7.99
	7.11

	9
	3.82
	8.98
	9.27

	11
	3.13
	8.72
	11.29


(b)

	SINR1= 5 dB

	SINR2 (dB)
	TP Gain (%) RV2{1,2,3,0}
	TP Gain (%) RV2{2,3,0,1}
	TP Gain (%) RV2{3,3,0,1}

	-5
	2.08
	2.39
	1.97

	-3
	4.06
	5.44
	3.49

	-1
	6.26
	7.50
	4.80

	1
	5.57
	7.64
	5.65

	3
	7.24
	9.32
	7.49

	5
	8.76
	11.32
	9.94

	7
	9.09
	12.33
	12.17

	9
	10.24
	13.38
	14.91

	11
	12.15
	15.41
	18.33


(c)

	SINR1= 10 dB

	SINR2 (dB)
	TP Gain (%)  RV2{1,2,3,0}
	TP Gain (%)  RV2{2,3,0,1}
	TP Gain (%)  RV2{3,3,0,1}

	-5
	4.31
	4.74
	3.73

	-3
	6.94
	7.41
	5.50

	-1
	9.52
	9.44
	8.15

	1
	11.68
	11.70
	10.38

	3
	13.44
	13.53
	12.78

	5
	16.14
	16.10
	15.33

	7
	17.40
	18.08
	18.08

	9
	18.62
	20.23
	20.97

	11
	18.59
	21.38
	22.59


Table 1 – Relative throughput gain with Multiple RV’s when compared to JT CoMP with same RV’s

From these results, the following observations can be made:

JT CoMP transmission with Multiple RV’s offers non-negligible gains over the JT CoMP using the same RV transmissions from the CoMP transmission points.
When the PDSCH operating SINR is in low to medium geometry (0 to 5dB range), multiple RV transmissions from the 2nd CoMP transmission point received at sensibly the same Rx power level as the 1st CoMP transmission point will result at least in up to 5-7% throughput gains. Relative gains using Multiple RV’s will increase up to 8-18% when the relative Rx power of the combined signal 2nd CoMP transmission points becomes some 5-10 dB stronger than transmissions received from the 1st CoMP transmission point.

When the PDSCH operating SINR is in better geometry (10 dB), multiple RV transmissions from the 2nd CoMP transmission point received at sensibly the same Rx power level as the 1st CoMP transmission point will result in somewhat higher 9-11% throughput gains than low to medium operating SINR conditions for the PDSCH. Relative gains using Multiple RV’s will increase up to 18-22% when the relative Rx power of the combined signal 2nd CoMP transmission points becomes some 5-10 dB stronger than transmissions received from the 1st CoMP transmission point.

While all combinations of different transmitted HARQ RV sequences from the CoMP transmission points will show relative gains when compared to transmitting the same RV sequences, modest performance differences exist.
5
Conclusion
In this contribution, we have presented and discussed JT CoMP transmissions using multiple RV’s.

Using a simplified link-level simulation setup, we show that the potential for relative performance improvement reaching up to some 18-22% exists when compared to JT CoMP transmissions using the same RV.
This is due to the fact that JT CoMP using Multiple RV’s allows for both signal combining applicable to the systematic and parity bits that are common to the received and stored RVs from the CoMP transmission points, and for additional coding gains resulting from more availability of both systematic and parity bits for every decoding attempt when distinct RV sequences are received by the UE in the same TTI.
We recommend consideration and further evaluation of the Multiple RV transmission strategies for JT-CoMP in Release 11 CoMP SI.
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Appendix - Simulation assumptions
	Parameter
	Value

	Carrier Frequency
	2.0 GHz

	Tx BW
	10 MHz

	CoMP Transmission Points
	2

	Antenna Configuration (per link)
	2x2

	UE speed (km/h)
	3

	Adaptive Modulation and Coding
	Enable (with eNB biasing); Target BLER:10%

	Rank Adaptation
	Forced to 2

	Channel Model
	EPA, Low correlation

	FSS
	Disabled

	Feedback reporting
	Subband 

	PRB allocation
	6 PRB

	L1FB update rate
	5ms

	Receiver
	MMSE

	Channel Coding
	Turbo

	HARQ
	Enabled; Max Transmissions:4

	Channel estimation (DMRS, CSI-RS)
	Realistic 

	Noise estimation
	Ideal

	CSI Feedback
	Perfect

	Frame Structure
	Normal CP

	RV assignments to CoMP transmission points

(QPSK/16QAM)
	RV1: {0,1,2,3}
RV2: {0,1,2,3},  (Same as RV1),

          {1,2,3,0},  (different than RV1),

          {2,3,0,1},  (different than RV1),

          {3,3,0,1},  (different than RV1)


Table 2 – Simulation Assumptions 
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