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1 Introduction
Transparent and non-transparent MU-MIMO have been discussed in previous meetings [1-11].  In last meeting the definition of transparent is clarified in the following.
· “Transparent” [here] means that no downlink signalling is provided to indicate to a UE whether a downlink transmission to another UE is taking place in the same RB.
In this contribution, we show by system level simulations that the benefits of non-transparent MU-MIMO control signaling over transparent signaling is very marginal, provided that the current Rel.8 codebook is enhanced so that inter-user interference suppression algorithms becomes more effective.
However, we point out some problems with the reference signal patterns with a totally transparent scheme and therefore propose a 4-bit DMRS indication table, that allows for flexible pairing of MU-MIMO users over the bandwidth. It can be seen as a transparent scheme but with implicit control signalling to support MU-MIMO. 
2 Transparent and Non-transparent MU-MIMO
The following parts give signalling overhead analysis of Demodulation Reference Symbols (DMRS) port indication for Transparent and Non-transparent MU-MIMO mode.  

Transparent MU-MIMO means that from the UE perspective there is no difference between SU-MIMO and MU-MIMO transmission. The UE is not aware of any co-scheduled users since there is no explicit control signalling about the other co-scheduled UEs. In Rel.9 dual layer beamforming, the control signalling supports flexible scheduling meaning that the UE can be paired with different UEs and even with a different number of UEs in each Resource Block (or RB group). In a previous contribution [12], we have shown that the gain of such flexible scheduling is large and it is therefore desirable to have the same flexibility in Rel. 10.
However, the previous agreements on the rank dependent number of RE used for DMRS causes a problem with flexible resource allocation in Rel.10 since if the number of scheduled  UEs per RB is different, also the number of RE used for DMRS will be different in different RBs. It is obvious that if  non-transparent MU-MIMO signalling is used, the number of REs used for DMRS needs to be signalled for each RB (or RB group), and also which DMRS ports are used by the interferers, which would create a large signalling overhead. 
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Figure 1. Example of MU-MIMO co-scheduled UEs

To illustrate this, consider the situation in Figure 1 where there are 3 UEs, each with single layer transmission in one RB(Resource Block)/RB group (RBG) and in another RB/RB group, there are only 2UEs scheduled and UE1 is scheduled in both of the RB/RB groups. Therefore, for UE1 24REs DMRS is needed in the first RB/RB group but only 12 REs DMRS in second RE/RE group. If there is no control signalling to indicate  how many DMRS REs are used to each RB/RB group for UE1, it doesn’t  know which REs are used for its PDSCH(Physical Downlink Shared Channel) transmission in each RB/RB group. 
To support this flexible scheduling and pairing of UEs with non-transparent signalling, one needs to signal one bit per scheduled RBG to the UE. On the other hand, to support this with transparent signalling, one have to adapt the signalling to the RBG with the largest number of RE for DMRS and thus 24REs DM-RS will be notified to UE1. This will clearly lead to unnecessary DM-RS overhead. Therefore, we propose the following:

Proposal: Introduce signalling support to indicate OCC=4 also for rank 1 and 2 transmission.

This proposal enables the use of only 12 REs for DMRS per RBG so flexible scheduling is supported with minimal DM-RS overhead. 

Note that the current agreement for DMRS is to  use 12 REs for rank 1-2 and 24 REs for rank3-4 using an orthogonal cover code of length two (OCC=2).  However, there has recently been a discussion that OCC=4 scheme has better performance in the low speed scenario [13][14] and considering that MU-MIMO is most likely used in the low speed scenario, OCC=4 is useful in the MU-MIMO case
2.1 DMRS indication table
By taking into consideration the support for flexible scheduling we propose a transparent MU-MIMO DMRS mapping scheme with implicit MU-MIMO mode indication. This is achieved by the following table: 
Table 1. Table for DMRS indication using 4 bits
	DMRS indicator Index
	UE rank
	DMRS port
	DMRS pattern
	Transmission mode

	0
	1
	0
	12 RE
	SU-MIMO

	1
	2
	0,1
	12 RE, OCC=2
	SU-MIMO

	2
	3
	0,1,2
	24 RE, OCC=2
	SU-MIMO

	3
	4
	0,1,2,3
	24 RE, OCC=2
	SU-MIMO

	4
	5
	0,1,2,3,4
	24 RE, OCC=4
	SU-MIMO

	5
	6
	0,1,2,3,4,5
	24 RE, OCC=4
	SU-MIMO

	6
	7
	0,1,2,3,4,5,6
	24 RE, OCC =4
	SU-MIMO

	7
	8
	0,1,2,3,4,5,6,7
	24 RE, OCC=4
	SU-MIMO

	8
	1
	0
	24RE
	SU-MIMO retransmission

	9
	2
	0,1
	24RE, OCC=2
	SU-MIMO retransmission

	10
	1
	0
	12 RE, OCC=4
	MU-MIMO

	11
	1
	1
	12 RE, OCC=4
	MU-MIMO

	12
	1
	4
	12 RE, OCC=4
	MU-MIMO

	13
	1
	6
	12 RE, OCC=4
	MU-MIMO

	14
	2
	0,1
	12 RE, OCC=4
	MU-MIMO

	15
	2
	4,6
	12 RE, OCC=4
	MU-MIMO


The table requires some additional explanation:
· DMRS indicator 0-7 is the normal SU-MIMO transmission mode for rank 1-8

·  DMRS indicator 8-9 is used for HARQ retransmission of only one codeword in SU-MIMO where rank 3 or 4 was used in the first transmission. This enables the re-use of the same RE for PDSCH as in the first transmission and thereby avoids the need to repeat rate matching and modulation of the codeword to be retransmitted. Also, Chase combining in the receiver is possible. This is similar to the mapping of a retransmitted codeword to two layers which is only allowed in a retransmission in Rel.8. 
· DMRS indicator 10-15 are intended to be used for MU-MIMO up to rank 2 per UE using OCC length four and includes the signalling of the DMRS port. Hence, up to four rank 1 UEs can be co-scheduled with orthogonal reference signals and it is totally flexible, a UE may be paired with none, one, two or three UEs in a given scheduled resource block and in the adjacent resource block, the number of so-scheduled UEs may be different.
· The mapping of DMRS ports indexed with 0~7 to the DMRS RE resource and orthogonal cover code can be defined as following for example.
· We assume to use length-4 Walsh orthogonal cover codes in table 2 for CDM over 4 DMRS REs.
Table 2. Table for orthogonal cover codes
	Index
	Orthogonal cover codes

	0
	[1 1 1 1]

	1
	[1 -1 1 -1]

	2
	[1 1 -1 -1]

	3
	[1 -1 -1 1]


The orthogonal cover code 0 and 1as well as code 2 and 3 can be used for CDM over 2 DMRS REs with OCC=2. Code 0 is used for the first DMRS ports and code 3 is used for the forth DMRS port in one CMD group subcarrier.
· The DMRS ports mapped in 24RE DMRS pattern with OCC=4 can be indexed as

· [0,1,4,6] in the first CDM group subcarrier ;
· [2,3,5,7] in the second CDM group subcarrier .
From above Table 1, UE can implicitly indicate which transmission mode it uses in the current scheduling with the informed DMRS pattern. But UE can’t exactly know total layers and corresponding interference layers in each PRB in MU-MIMO transmission. Therefore this also belongs to the transparent MU-MIMO category.  And note that the DMRS indication by index 10-15 may indicate a MU-MIMO transmission, which indicates to a UE could perform blind detection of a paired UE. To exploit this and use blind detection is however an UE implementation issue.  
3 Simulation results
System level evaluations of transparent and non-transparent MU-MIMO have been performed and the results are given in Figure 2 and 3. The simulation parameters can be found in the appendix. 
Note that in the simulations of the transparent case, an LMMSE receiver was used so these results represent in some way worst case results. More advanced receivers could, if the DM-RS table in Table 1 above is adopted, utilize blind detection of co-scheduled UEs and then probably improve the performance of the transparent schemes. 

We have simulated the MU-MIMO with and without the adaptive codebook (AC) enhancement [15]. It is well known that with the AC, the feedback accuracy improves and this gives better possibilities for the eNB transmitter to suppress inter-UE interference in the MU-MIMO scenario. 
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Figure 2 Cell average throughput comparison
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Figure 3 Cell edge throughput comparison
In Figure 2 and 3, performance of transparent MU-MIMO without AC, Non-transparent MU-MIMO without AC, transparent MU-MIMO with AC and Non-transparent MU-MIMO with AC are compared. From above results, it shows that there is about 14% cell average and 10% cell edge gain over transparent MU-MIMO if Non-transparent MU-MIMO is used. But if AC is used for both cases, the gain decreases about to 8% for cell average and 3% for cell edge throughput. Therefore, AC is an efficient method to mitigate the performance gap between transparent MU-MIMO and Non-transparent MU-MIMO. The reason is that interference suppression is better and the benefit of non-transparent signalling reduces. If DMRS blind detection and LMMSE receiver is applied for the transparent case with the help of DMRS indication in Table 1, the performance gap between transparent and non-transparent mode may further decrease.   
4 Conclusions
In this contribution, we have analyzed the DMRS indication overhead of transparent and non-transparent MU-MIMO.  Based on the  low DRMS overhead for MU-MIMO, UE can be implicitly indicated in MU-MIMO transmission  through the DMRS indicator. Furthermore, since the performance gap between transparent MU-MIMO and non-transparent MU-MIMO can be mitigated by enhancing the Rel.8 codebook through codebook adaptation and since the results we shown here are pessimistic for the transparent mode receiver, we propose to 
· Introduce signalling support to indicate OCC=4 also for rank 1 and 2 transmission for MU-MIMO mode.
· Adopt Table 1 for DM-RS indication in the DCI.
References

[1] R1-094441, “On transparent and non-transparent MU-MIMO”, Ericsson. ST-Ericsson, 3GPP TSG-RAN WG1 #59,2009
[2] R1-094550, “Overview of single cell MU-MIMO schemes”, CATT, 3GPP TSG-RAN WG1 #59,2009
[3] R1-094578, “Discussion on Transparency for LTE-A MU-MIMO”, Samsung, 3GPP TSG-RAN WG1 #59,2009
[4] R1-094611, “Transparent vs. non-transparent MU-MIMO”, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, 3GPP TSG-RAN WG1 #59,2009
[5] R1-094684,“Views on Transparency of MU-MIMO”, Motorola, 3GPP TSG-RAN WG1 #59,2009
[6] R1-094710, “ Transparency of MU-MIMO”, Huawei, 3GPP TSG-RAN WG1 #59,2009
[7] R1-094730, “ Downlink control signalling support for SU/MU-MIMO”, NEC Group, 3GPP TSG-RAN WG1 #59,2009
[8] R1-094778, “ Dimensioning of LTE-A MU-MIMO”, LG Electronics, 3GPP TSG-RAN WG1 #59,2009
[9] R1-094873, “ Transparent vs. non-transparent MU-MIMO operation”, Qualcomm Europe, 3GPP TSG-RAN WG1 #59,2009
[10] R1-094510, “ Further discussion on Downlink Multi-user MIMO operation for LTE-Advanced”, Panasonic, 3GPP TSG-RAN WG1 #59,2009
[11] R1-095006, “ Consideration on Downlink Signalling for MU-MIMO”, ZTE, 3GPP TSG-RAN WG1 #59,2009
[12] R1-094711, “ Dimensioning LTE-A MU-MIMO”, Huawei, 3GPP TSG-RAN WG1 #59,2009.
[13] R1-094925, “On Rel-10 DM RS design for Rank 3-4”, Ericsson, ST-Ericsson, , 3GPP TSG-RAN WG1 #59,2009.
[14]  R1-093503, “DL DM-RS Design for LTE-Advanced”, NTT DOCOMO, 3GPP TSG-RAN WG1#58, 2009
[15]  R1-100252, “Adaptive codebook designs and simulation results”, Huawei, 3GPP TSG-RAN WG1#59bis, 2010
Appendix: 

System simulation parameters
	Parameter
	Assumption

	Cellular Layout
	 19 sites, 3 sectors per site

	Simulation scenarios
	Case1 in TR25.814

	Load
	Average 10 UE per sector

	Bandwidth
	10MHz

	Channel model
	SCM

	UE speeds of interest
	3km/h

	antenna configuration
	4×2 ULA antenna

BS:0.5 Lambda  MS:0.5 Lambda

	Channel estimation
	Ideal for both

	Antenna type
	2D antenna

	Codebook 
	Rel.8 4Tx codebook

	Traffic model
	Full buffer

	Scheduler
	Proportional Fair

	MU-MIMO
	Maximum paired MU-MIMO user number is 2, and one layer per user

	Precoding type
	Wideband precoding

	Subband size
	5 RB

	HARQ
	Maximum 4 transmission 

	Transmitter precoding algorithm
	ZFBF

	Receiver algorithm
	LMMSE 
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