3GPP TSG RAN WG1 meeting #66bis





 



   R1-112904
Zhuhai, China, October 10-14, 2011 
Agenda Item:
7.5.1
Source:
Huawei, HiSilicon

Title:
Transmission modes for downlink CoMP
Document for:
Discussion and decision 
1 Introduction

The WI for CoMP has been agreed at RAN#53 [1]. Conclusions of the CoMP SI recommended that the work for specifying CoMP support in Rel-11 should focus on joint transmission, dynamic point selection, and coordinated scheduling/beamforming. Dynamic point blanking could be used in conjunction with DPS and CS/CB. In this contribution, we discuss the support of these recommended schemes and the associated transmission modes, in particular in relation with the CoMP scenarios.

2 CoMP schemes and CoMP scenarios

2.1 CoMP scenarios
Performance gains for CoMP should be ensured by standardization targeting scenarios of primary interest to operators within the time scale of deployment of Rel-11, and considering reasonable deployment efforts. From that aspect, scenarios where intra-eNB coordination can provide benefits should be prioritized over scenarios where inter-eNB coordination is required.

It should be kept in mind that there is no or very little field experience for the operation of CoMP, and only limited sensitivity analysis has been conducted for the latency of the backhaul network, without considering the type and amount of information to be exchanged among eNBs over X2 interface. A staged standardization first targeting deployments of CoMP limited to intra-site and intra-eNB coordination would bring valuable experience for future specification in more challenging networks with limited backhaul latency/capacity and inter-eNB coordination. Standardization of CoMP in Rel-11 should nevertheless ensure forward compatibility with potential future standardized support of inter-eNB CoMP.

The first scenario of priority is the traditional macro-site network deployment as in current reality for most operators (scenario 1). Scenario 2 with powerful fiber connections may be deployed by some operators. Heterogeneous networks are expected to be longer-term for deployment. Scenario 4 involves intra-eNB coordination and may be considered for CoMP within the time scale of deployment of Rel-11. While all aspects of operation in homogeneous networks are currently supported, new aspects relative to shared cell ID require more standard efforts. Hence specification for CoMP in scenario 1 should be completed before further optimizing network operations relative to aspects relative to shared cell ID in scenario 4.
Proposal 1: Specify CoMP with intra-eNB coordination in scenario 1 and scenario 4 in Rel-11. Higher priority should be given to specifying CoMP support in scenario 1 before further optimizing CoMP support for aspects relative to shared cell ID in scenario 4.
2.2 CoMP schemes for homogeneous networks
Looking at evaluations submitted for phase 1 (cf Appendix), it is clear that JT offers the best performance in scenario 1, and that companies that have provided results for JT with quantized feedback have consistently used “coherent JT”, i.e. at least 2 bits quantization of the inter-point CSI feedback. The number of bits of inter-point feedback is a design parameter, so the WI should start on standardization of coherent JT directly. Considerations on real impairments should focus on operation in scenario 1 with priority.
Observation: JT with 2-4 bits inter-point phase feedback provides the highest gains in scenario 1.
Proposal 2: JT is supported in Rel-11 for providing CoMP gain in homogeneous networks.
· Inter-point CSI may be reported per point and/or as aggregated CSI for multiple points.
2.3 CoMP schemes for heterogeneous networks
TR36.819 summarizes the performance gains of JP and CS/CB, where both categories of schemes offered similar performance with a slight advantage to JP. Looking more closely at the details of the schemes, a combination of point selection (including point blanking) and joint transmission seems to offer the overall best performance. Since only dynamic aspects of point selection/blanking have been investigated, it would be worth further investigating the tradeoff between performance and signaling overhead relative to dynamic vs. semi-static aspects of point selection/blanking.
Observation: a combination of point selection/blanking and joint transmission provides the highest gains in scenarios 3 and 4 without constraint on the backhaul latency/capacity.
Proposal 3: point selection/blanking and JT are supported in Rel-11 for providing CoMP gain in heterogeneous networks. Further investigate dynamic vs. semi-static aspects of point selection/blanking.
2.4 CoMP transmission modes

Performance evaluations in the SI have focused on rank-1 transmissions for cell-edge UEs [2]. Only one contribution [3] has explored multi-layer CoMP transmissions with CRS-based PDSCH demodulation in transmission mode 4. CSI-RS and muting in Rel-10 provide a good basis to guarantee the quality of channel estimation of multiple transmission points. So CoMP should at least be supported for UEs taking channel measurements on CSI-RS. Inter-point channel measurements using CRS would not benefit from muting thus potentially preventing any CoMP gain. Thus supporting CoMP in transmission modes 1 to 8 seems impractical, at least due to inter-point channel measurements. Re-defining these modes with channel measurements based on CSI-RS would not be trivial and would introduce new performance requirements. 

Proposal 4: DL CoMP is supported only for UEs configured in a transmission mode where channel measurements are taken on CSI-RS or on SRS by exploiting channel reciprocity.

· No extension of transmission modes 1 to 8 with channel measurements using CSI-RS.

In [3], the possibility of independently scheduling layers from different transmission points was investigated in the context of “cell aggregation”. A UE receives a joint transmission of two codewords on the same resource independently scheduled by two PDCCHs/DCIs, where each codeword is sent by a different transmission point. The UE detects each codeword by treating the other codeword as interference. This emphasizes fundamental differences between CA and CoMP. In CA there is no interference between packets scheduled on different carriers, but the interference cannot be ignored for intra-frequency joint transmission. While it is useful to receive multiple simultaneous PDCCHs on different component carriers, there is no need to schedule a CoMP transmission on a single component carrier with multiple PDCCHs.

Observations

· A UE monitoring a certain component carrier for PDCCH only needs to receive one PDCCH for scheduling a PDSCH with CoMP transmission on a single component carrier.

· Independent scheduling of multiple PDSCHs on the same REs to the same UE by independent PDCCHs creates interference to the PDSCHs and potentially increases the UE complexity.

So there is no need for a UE to receive multiple PDCCHs scheduling transmission on the same resource. Note that this does not preclude a UE to monitor multiple PDCCHs on the same carrier, since it might be useful to allow for cross-point scheduling. Thus compared to scheduling by a single PDCCH, independent scheduling of multiple codewords with joint transmission has several drawbacks but no apparent benefit.

Proposal 5: as a baseline assumption, if joint transmission with multiple layers is specified in Rel-11, all the layers in a single resource belong to the same PDSCH, which is scheduled by a single PDCCH.

References

[1] RP-111365, WI/SI Coordinated Multi-Point Operation for LTE, RAN#63.
[2] TR 36.819, Coordinated Multi-Point Operation for LTE, Physical Layer Aspects, RAN#63.
[3] R1-112711, “Cell aggregation: A unified approach to CoMP and carrier aggregation”, RAN1 #66.
Appendix
Table 1 lists the gains of CS/CB and JT over single cell MU-MIMO in scenario 1 for FDD and TDD with full buffer traffic, where results with 4 or more sources (i.e. companies) for JT are selected from [2, Tables 7.1.1.1-3 and 7.1.1.2-3]. It is clear from these results that JT offers the best performance in scenario 1.

Table 1 CS/CB and JT averaged cell-edge gains over single-cell SU/MU-MIMO in 3GPP case 1

	
	2×2 Xpol FDD
	4×2 Xpol FDD
	8×2 Xpol FDD
	2×2 Xpol TDD
	4×2 Xpol TDD

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

	CS/CB
	4.35% (1)
	4.11% (4)
	8.66% (2)
	12.15% (2)
	10.51% (2)


(Number of sources in brackets)

Table 2 gives a summary of the companies’ detailed feedback assumptions. All evaluations have assumed coherent JT with a minimum of 2 bits quantization. Companies that have provided results for JT have used the same type of hierarchical feedback, namely single-point PMI with an additional (2 or 4 bits) quantized phase offset, i.e. the so-called “coherent JT” that includes inter-point CSI availability at the eNB.

The only exceptions are R1-111284 where a joint codebook using the 4-Tx Rel-10 PMI feedback was applied to two transmission points each equipped with 2 antennas (i.e. aggregated CSI feedback), and R1-111287 and R1-111297 where unquantized CSI was assumed. Even in these cases, information about the composite channel was assumed to be available at the eNB, so these schemes are also coherent JT.
Table 2 Summary of the joint transmission feedback simulation assumptions at RAN1 #65
	Company
	Contribution
	Feedback assumption for joint transmission

	Huawei
	R1-111246
	single-point PMI + 4 bits co-phasing component

	NSN
	R1-111276
	per cell codebook quantization + inter-cell phase rotation

	Texas Instruments
	R1-111277
	single-point PMI + 2 bits co-phasing component

	Intel
	R1-111279
	single-point PMI + 2 bits co-phasing component

	Samsung
	R1-111282
	single-point PMI + 2 bits co-phasing component

	LG
	R1-111288
	composite precoding matrix of CoMP cells with quantized phase correction

	ALU
	R1-111292
	codebook concatenating received PMIs and phase/amplitudes

	NTT DoCoMo
	R1-111295
	single-point PMI + 2 bits co-phasing component

	Marvell
	R1-111298
	single-point PMI and phase correction factor

	Motorola
	R1-111284
	2Tx Rel-10 codebook for 1 RRH transmission and 4Tx Rel-10 codebook for JT

	Panasonic
	R1-111287
	explicit feedback: channel matrix without quantization for each cell

	Ericsson
	R1-111297
	CoMP cluster channel and interference covariance per subband (unquantized)

	CATT
	R1-112060
	Channel reciprocity by SRS, assuming SRS error channel modelling and calibration error

	CMCC
	R1-112577
	Channel reciprocity by SRS, assuming SRS error channel modelling and calibration error

	Huawei
	R1-112039
	Channel reciprocity by SRS, assuming SRS error channel modelling and calibration error

	ZTE
	R1-112258
	Channel reciprocity by SRS, assuming SRS error channel modelling and calibration error

	ASB/ALU
	R1-112140
	Channel reciprocity by SRS, assuming SRS error channel modelling and calibration error













































































