3GPP TSG-RAN WG1 #84bis

















R1-163302
Busan, Korea, 11th – 15th April 2016
Agenda item:

7.3.4.2
Source:
Nokia, Alcatel-Lucent Shanghai Bell
Title:
On the network assistance and blind detection for MUST Case 3
Document for:

Discussion and Decision
1
Introduction

The newly approved MUST WI [1] contains, in addition to the same transmission scheme and same spatial precoding operation, also the case of same transmission scheme but different spatial precoder. 

Case 3: Superposed PDSCHs are transmitted using the same transmission scheme, but their spatial precoding vectors are different.
In this contribution we briefly present the background of this scenario and we investigate the link level implications.
2
MUST with
same transmission scheme and different spatial precoders
Multi-user operation (MU-MIMO) has been a LTE feature since release 8. The operation of MU MIMO on CRS has some technical hurdles in the form of too high inter user interference and poor MU pairing due to lack of orthogonality between the user's streams. This was due to the limited codebook design, no dynamic switching between SU/MU MIMO, inflexible PMI processing at the eNB and lack of inter-user interference cancellation at the UE. 
Later introduction of dedicated reference symbols (DMRS) has improved the MU-MIMO operation, allowing improved orthogonality between paired streams at the transmitter. Such transmit processing, while improving the orthogonality between the users’ streams, it is also reducing the precoding gain from the user perspective. The transmit processing requires precise CSI feedback to suppress inter-user interference. Contrary, benefits of receiver processing are the most visible when feedback is delayed and/or of low frequency granularity. In this case there is high interference between users.
Multi-user transmission can be improved by non-linear processing at the UE, leveraging current UE implementation of advanced receivers. The CRS based MU MIMO may be improved by allowing the UE to perform interference cancelation (IC) of the paired stream, this being possible by simple extension of release 12 NAICS operation. DMRS based MU MIMO may be enhanced in a similar manner. Such enhanced MU MIMO operation is expected to exploit the blind detection mechanism of NAICS. For example for CRS operation the UEs are required to perform blind detection of interference presence, PMI, and modulation order of the paired UEs. Enhanced MU MIMO operation would be beneficial in network deployments of 2, 4 and 8Tx.
2.1 Link level performance

In this section we present selected link performance of enhanced MUST with different precoders and same transmission scheme, where both paired UEs are based on advanced receivers. The main operation modes consider best SU CSI feedback from the UE and flexible pairing from the eNB with respect to the reported PMIs. Note that in this setup we have not considered same PMI pairing (such as in MUST), but such operation could be easily accommodated as in fact complements same precoder pairing as we discuss in a companion contribution [2]. The receiver of interest in this study is symbol based reduced complexity ML (RML). In CRS modes the baseline operation is TM5 where the UE constructs interference covariance matrix without network assistance and blind detection. In TM9 mode, Zero Forcing Tx processing is used and the baseline is LMMSE with noise variance. 
The MU-MIMO performance depends on the antenna correlation, hence we are investigating three scenarios of low, medium and high antenna correlation, for which the performance is shown in Figures 1, 2 and 3, respectively.
In CRS modes, receivers utilizing interference covariance of the paired UE (RML and E-MMSE) are providing significant gain compared to legacy operation. The legacy operation exhibits bad performance as the interference covariance of the paired UE is not known. In this scenario and in CRS modes the UE may construct interference covariance as an average of covariance matrices based on the potential paired PMIs (3 choices in 2Tx). Such operation, while containing the paired UE covariance, contains also a destructive affect due to the remaining non-paired PMI-covariance which means that the UE cancels interference in directions where it is not needed. Certainly cancelling interference only in the direction of the paired PMI is equivalent with the enhanced MMSE performance. At the expense of knowing the modulation of the paired UE, one may apply RML receiver, harvesting further gains.

In TM9 modes, RML is providing significant gain compared to LMMSE with low and medium antenna correlation. With high antenna correlation the performance is around the same, because co-channel interference is naturally suppressed by degenerated MIMO channel. 
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Figure 1: E-MU-MIMO operation, low antenna correlation, EVA 70 Hz, MCS 16QAM ½.
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Figure 2: E-MU-MIMO operation, medium antenna correlation, EVA 70 Hz, MCS 16QAM ½
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Figure 3: E-MU-MIMO operation, high antenna correlation, EVA 70 Hz, MCS 16QAM ½.
Observation: MUST Case 3 (same transmission scheme with different PMIs) provides significant link gains for both CRS and DMRS modes.

2.2 Blind detection performance

In this section we present blind detection performance with RML and E-LMMSE receivers in CRS and TM9 modes. Usage of blind detectors in different modes and with different receivers is shown in Table 1. Note that one of the main differences between same precoder pairing and different precoder pairing is that the power level between the multiplexed users may be the same when different precoder pairing is used. In such conditions the blind detection is in fact more challenging as in the different precoder case, where the far UE power is larger than the near UE and hence the hearability far UE layer at the near UE is better. 
Table 1: Usage of blind detectors in different modes and with different receivers.

	Mode / Receiver
	Modulation BD
	PMI BD
	Interference presence BD

	CRS / RML
	yes
	yes
	yes

	CRS / E-LMMSE
	no
	yes
	yes

	TM9 / RML
	yes
	no
	yes


We are investigating two scenarios of low and medium antenna correlation, for which the performance is shown in Figures 4 and 5, respectively. From the below figures it can be seen that with both low and medium antenna correlation models, blind detection does not cause any performance degradation in most cases. Some performance degradation can be seen in CRS mode with medium antenna correlation and with RML receiver when the SNR is less than 8 dB, however this would not be the typical operating point of multi-user operation.
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Figure 4: Blind detection performance with low antenna correlation.
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Figure 5: Blind detection performance with medium antenna correlation.

Observation: Blind detection of interference presence, PMI and modulation is possible in MUST case 3.

Proposal: Inform RAN4 that for MUST case 3 the interfering PDSCH is characterized by interference presence, PMI and modulation. RAN4 should consider the blind detection feasibility of these parameters.

3
Conclusion
In this contribution we have presented views on to the link operation of multiuser MIMO with different precoding (Case 3). The link level investigation indicates good performance gains due to the non-linear receiver utilization. Also blind detection performance is reliable. The gains are varying with respect to the antenna correlation, however dynamic SU/MU switching covers several cases of antenna correlation. Considering the existing performance requirements for the utilization of advanced receiver in SU MIMO operation, the extension into MU MIMO would leverage the existing UE implementation and allow flexible eNB operation. 
We have the following observations and proposals:

Observation: MUST Case 3 (same transmission scheme with different PMIs) provides significant link gains for both CRS and DMRS modes.

Observation: Blind detection of interference presence, PMI and modulation is possible in MUST case 3.

Proposal: Inform RAN4 that for MUST case 3 the interfering PDSCH is characterized by interference presence, PMI and modulation. RAN4 should consider the blind detection feasibility of these parameters.
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A
Annex – link simulation assumptions
	Parameters
	Values

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	PDSCH Resource allocation
	50 PRB

	UE1/UE2 Power allocation
	-3 dB / -3 dB (50/50 power split)

	Cyclic prefix
	Normal

	Propagation channel
	2x2 and 4x2 EVA 70 Hz

	CRS ports
	0 and 1

	DMRS ports (TM9)
	UE1 = 7, UE2 = 8

	Antenna correlation
	Low, Medium, High

	EVM
	0%

	MCS#
	16 QAM 1/2

	Receiver algorithms
	1. R-ML*, 2. E-MMSE**, 3. MMSE-IRC

	Channel and SNR estimation
	Realistic

	PMI feedback
	Follow wideband PMI, 10 ms feedback periodicity

	CSI-RS configuration (TM9)
	NZP: CSI-RS ports=2/4, config =1, subframeConfig=5

ZP: resourceConfigList=[1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0], subframeConfig=3

	PCFICH
	CFI=2


NOTE*: In CRS modes, interference presence, PMI and modulation of interfering UE are known or blindly detected. In TM9, interference presence and modulation are known or blindly detected.
NOTE**: In CRS modes, interference presence and PMI of interfering UE are known or blindly detected.
