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1
Introduction

Discussions on MU-MIMO dimensioning during RAN1#59 led to the following agreement:

For the design of downlink signalling and DM RS, the following is assumed for MU-MIMO:

· Not more than 4 UEs are co-scheduled 

· Note that the actual maximum number of co-scheduled UEs does not need to be specified.

· Not more than 2 layers per UE with 2 orthogonal DM RS ports

· Not more than 4-layer transmission in total for MU-MIMO transmission 

Note: Two alternatives are to be studied:

· 4 orthogonal DM RS ports and 1 scrambling sequence are defined

· 2 orthogonal DM RS ports and 2 scrambling sequences are defined as in Rel-9

· FFS whether one or both alternatives will be specified (and if only one, which one).

· Note that in any case TM8 will remain specified in Rel-10. 

In this contribution we provide our view on the DM-RS configuration – i.e. number of orthogonal ports and scrambling sequences – in support of downlink MU-MIMO in LTE Rel-10. 

2
Discussion
Release 9 dual-layer beamforming supports up to a total of four spatial layers for downlink MU-MIMO operation using a combination of two orthogonal DM-RS ports and quasi-orthogonal RS with two distinct scrambling IDs. The question now arises whether to extend the number of orthogonal DM-RS ports in support of DL MU-MIMO in LTE Rel-10 from two to four. In the following, we discuss/question the need for such evolutionary step while highlighting implications from standard and UE implementation perspective. Let us first focus on several key aspects, listed below.
· DL MU-MIMO scenarios: It is widely acknowledged that MU-MIMO provides most gains over SU-MIMO system-wise, in spatially correlated scenarios, where one benefits from increasing the composite channel rank, hence achieving SDMA gains. In such cases, UE separation happens in the spatial domain (non-overlapping beams with low multi-user interference building on long term channel correlation properties) while spatial layers belonging to the same UE (e.g. transmitted over two polarizations) are separated by means of orthogonal DM-RS. As discussed in [1], 8-Tx cross-polarized half-lambda spaced arrays at eNB would allow serving that goal. MU-MIMO gains are much smaller in uncorrelated scenarios where SU-MIMO operation is expected to stay predominant. Another prerequisite for MU-MIMO gains is a high system load (i.e. large multi-user diversity), which allows finding groups of UEs with good spatial separation as well as large geometry factor such that multiplexing these UEs together spatially overcomes the losses on a per-UE basis due to power splitting and increased interference level [2]. Several contributions to RAN1#59bis motivated the need for four orthogonal DM-RS ports by impressive gains. However, under more practical user diversity & distribution, quantized CSI feedback, non-ideal CQI and more realistic – non-full buffer – traffic patterns [3], two co-scheduled UEs seem to be much more typical and reasonable situation for real-world MU-MIMO operation.
· PDCCH signalling: While a single bit is required for DM-RS dynamic port indication in LTE Rel-9, four orthogonal DM-RS ports for MU-MIMO require more complex associated signalling: potential puncturing indication would need to be made to the target UE besides the DM-RS port signalling itself, whenever more than two spatial layers are co-scheduled in total. However, we do not see such slightly increased control signalling complexity as a major show-stopper to four orthogonal DM-RS. Setting proper restrictions on possible DM-RS port combinations allows devising efficient signalling such as e.g. in [4].
· DM-RS overhead: Four versus two orthogonal DM-RS translates to 24 RE vs. 12 RE reserved for DM-RS per PRB which amounts to a decrease of 7.14% in overall downlink spectral efficiency. It is not clear that potential gains brought by four orthogonal DM-RS ports will outweigh in practice the increased overhead. Furthermore, the FDM component within the agreed 4-layer DM-RS pattern may lead to inefficient use of transmit power whenever spatial layers throughout a UE’s resource allocation are not utilized to full extent, e.g. because lack of multi-user diversity. 
· UE complexity: UE processing becomes significantly more complex with a total of four orthogonal DM-RS for DL MU-MIMO, especially for a 2-layer capable UE. The latter would be mandated to perform channel estimation over up to four DM-RS ports – for interference rejection purposes [3], PDSCH demapping as well as PDSCH-to-DM-RS power scaling – because of the FDM component in the DM-RS pattern, similarly to a 4-layer capable UE.
· Gains of spatial interference rejection: It is well established that gains from spatial interference suppression in the context of MU-MIMO are significant in uncorrelated scenarios especially when UEs are equipped with four Rx antennas. Much lower levels of post-precoding/-beamforming interference are to be expected in spatially correlated scenarios which, as previously discussed, offer the most promising track for MU-MIMO optimization in LTE Rel-10. Finally, given that 2 Rx antenna configuration at the UE is expected to remain the baseline still for a long period of time, the available degrees of freedom for IRC processing in such case do not result in significantly added gain when attempting to cancel more than one spatial interferer. Not requiring 2-layer capable UEs to estimate spatial interference over up to four DM-RS ports would then further reduce IRC gains and question in the first place whether to introduce more than two orthogonal DM-RS for MU-MIMO.
In the light of the above discussion, it is seen that introducing support for up to four orthogonal DM-RS ports for DL MU-MIMO in Rel-10 has major implications and should therefore be justified by significant performance benefits over Rel-9 baseline solution comprising of two orthogonal DM-RS ports with two scrambling sequences. 
Next section provides a link-level comparison of two vs. four orthogonal DM-RS ports for DL MU-MIMO, in relevant scenarios.
3
Simulations

In this section, link-level simulations have been conducted to verify the discussion made in previous section, simulation assumptions are summarized in Table 1, and a set of simulation results are presented in Figures 1-3. Single-user performance is also presented for reference. We focus on highly correlated scenarios, which are as previously discussed the most promising track for MU-MIMO optimization.
It can be seen in Figures 1-2 that, by assuming cross-polarized antenna configuration and composite rank 4, the deployment with two rank-2 users is a more appropriate scheduling choice over the deployment with four rank-1 users. For  the scenario with rank-2 per user, the two orthogonal DM-RS porst with 2 scrambling sequences leads to higher sum throughput than the other alternative based on four orthogonal DM-RS ports within the low-to-mid range SNRs due to lower DM-RS overhead. For SNR larger than 20dB, this “full-rank” MU-MIMO could barely happen, because of the restricted interference suppression capability of 2-layer capable UEs and conventional rank-2 SU-MIMO is therefore observed as being more advantageous.
Figure 3 shows that for co-polarized antenna configuration, the 2 orthogonal DM-RS port solution also outperforms the 4 orthogonal DM-RS port solution at low-to-mid range SNRs. However, both solutions have lower throughput than the SU-MIMO case. It indicates that more than co-scheduled spatial layers is be not needed for this scenario, and in other words, two orthogonal DM-RS ports are sufficient for MU-MIMO transmission assuming 2 Rx as baseline UE antenna configuration.
Table 1 Simulation assumptions

	Parameter description
	Value / Comment

	Channel model
	ITU-R Urban Macro LoS

	Tx antenna configuration at eNB
	8-Tx cross-polarized antennas, half wavelength spacing;
4-Tx co-polarized antennas, half wavelength spacing.

	Rx antenna configuration at UE
	2 Rx antennas (cross-polarized);

2 Rx antennas (co-polarized); half wavelength spacing.

	Number of UEs
	2 or 4

	Number of layers per UE
	2 or 1 (total rank is maximum 4)

	UE pairing
	90° separation for 2 user case;

45° separation of spatially adjacent users for 4 user case.

	UE velocity
	3 km/h

	System bandwidth
	10 MHz

	Allocated PRBs
	6

	Number of PDCCH symbols per TTI
	2

	DM-RS
	CDM/FDM, 12/24REs per PRB per TTI for rank 1-2/3-8

	Link adaptation
	Yes

	Precoding scheme
	PMI based zero-forcing transmit precoding

	Precoding granularity
	1 PRB

	CSI feedback delay
	6ms

	CSI feedback period
	10ms

	Feedback quantization
	PMI: 4-bit ZTE codebook (R1-094752) for 8Tx case; Rel.8 codebook for 4Tx case.

CQI: 4 bits.

	Channel estimation
	Realistic

	Receiving algorithm
	MMSE

	Channel code
	Turbo code (8 iterations)

	Number of HARQ re-transmission
	3 (total 4 transmissions)
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Figure 1. Sum throughput comparison of 2 versus 4 orthogonal DM-RS port solutions for cross-polarized antenna configuration and two-user scenario assuming rank-2 transmission per user
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Figure 2. Sum throughput comparison of 2 versus 4 orthogonal DM-RS port solutions for cross-polarized antenna configuration and four-user scenario assuming rank-1 transmission per user
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Figure 3. Sum throughput comparison of 2 versus 4 orthogonal DM-RS port solutions for co-polarized antenna configuration and four-user scenario assuming rank-1 transmissio per user
4
Conclusions

In this contribution we addressed the dimensioning of downlink MU-MIMO in LTE Rel-10 in terms of the number of required orthogonal DM-RS ports. Factoring in arguments as well as provided simulation results, we neither see a use case nor evidence of significant gains to be expected from MU-MIMO over four DM-RS ports within LTE Rel-10 timeframe compared to Rel-9 baseline. We propose: 

- 2 orthogonal DM-RS ports and 2 scrambling sequences are defined as in Rel-9 in support of downlink MU-MIMO in LTE Rel-10.
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� Note: the SNR on the horizontal-axes of all figures in this contribution are defined as total transmission power divided by total noise.





