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1. Introduction
In RAN1 #59bis meeting [1], the follow guidelines were agreed in terms of the design of downlink signalling and DM RS 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. 
So the focus now is to decide if 4 orthogonal DM RS ports and 1 scrambling sequences should be used or 2 orthogonal DM RS ports with 2 scrambling sequences should be used, or both of them could be supported.

In the subsequent meetings after RAN1 #59bis, some contributions were submitted on this subject, but due to agenda priority and limited meeting time, this subject has not been treated. In RAN1 #61 meeting in Montreal, based on the proposals from different company, two WF were drafted, one proposed to adopt 4 orthogonal DM RS ports [2], while the other  proposed to adopt 2 orthogonal DM RS ports [3] , the email discussion will be continued on this till RAN1 #61bis meeting. 
 In this contribution, some discussions on this subject are presented and our views are expressed. Some relevant signalling considerations on DM RS ports are also proposed.  

2. 4 orthogonal DM RS ports vs 2 orthogonal DM RS ports
Figure 1 shows the DM RS ports 1 and 2, which was agreed before for LTE-A downlink transmission [4]. Two DM RS ports are multiplexed on each pair of REs, where orthogonal cover code (OCC) with length of 2 is used to separate these two DM RS ports.  There are total 6 pairs of such REs in a RB, which leads to 12 REs per RB used for DM RS. Figure 2 shows the DM RS ports 1-4, where ports 1-2 are multiplexed on one set of RE pairs, while ports 3-4 are multiplexed on another set of RS pairs. OCC with length of 2 is used to separate each pair of DM RS ports.  The total REs used as DM RS in each RB is 24. 
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Figure 1: DM RS ports 1 and 2
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Figure 2:  DM RS ports 1 – 4

Simulation results comparing 2 orthogonal DM RS ports with 2 scrambling sequences versus 4 orthogonal DM RS ports with 1 scrambling sequence were presented in a number of contributions [5]-[8]. In [5], it showed that 2 orthogonal DM RS ports system provides better throughput than 4 orthogonal DM RS ports system at low-to-mid SNR range, while 4 orthogonal DRS ports system will bring better performance in high SNR range. However, it is believed that the gain of 2 orthogonal DM RS ports system at low-to-mid SNR range comes from the fact that  2 DM RS, which takes 12 REs per RB, has low overhead as compared with 24 RE per RB for 4 orthogonal DM RS ports. 
To alleviate the overhead of 4 orthogonal DM RS ports as described in Figure 2, an alternative of 4 orthogonal DM RS ports shown in Figure 3 could be used. In such design, the total REs for DM RS in each RB is 12, the same as 2 ports DM RS as shown in Figure 1.
. To accommodate 4 orthogonal DM RS ports, OCC with length of 4 is used along time direction. [6]
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[7] all showed that such 4 ports DM RS system would provide better performance than 2 ports DM RS system as well as 4 ports DM RS system as shown in Figure 2.
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Figure 3: Alternative DM RS ports 1 – 4

The possible drawback of such 4 orthogonal DM RS ports could come from several aspects.
1. First, it introduces a new 4 ports DM RS for MU-MIMO, which is different from the 4 ports DM RS shown in Figure 2. That could increase the channel estimation complexity at UE. However, as it was already agreed in [1] that for rank>4 transmission, DM RS ports are separated with length 4 OCC, thus the UE should have such capability implemented if it needs to support up to rank-8 SU-MIMO transmission. For some UE who would only support up to rank-2 or rank-4 SU-MIMO transmission, the increase in channel estimation complexity to support new 4 ports DM RS should also be minor and could be justified if improvement on performance brought by such new DM RS ports could be considered. 
2. Second, supporting different 4 DM RS ports for SU-MIMO and MU-MIMO may bring additional control signaling overhead. For this issue, we show in the next section that if signaling design is consolidated, no additional signaling may be needed. 
3. Third, the performance of such 4 orthogonal DM RS ports would suffer from the high mobility. It is true that with OCC length of 4, the channel estimation performance will suffer in high mobility, however, similar for high rank transmission, if MU-MIMO transmission is considered for low mobility UE, such concern should not impose a serious issue.  
3. Signalling Consideration to support SU-MIMO and MU-MIMO

As dedicated RS (DRS) is used as DM RS in LTE-A, the specific DM RS ports needs to be signalled to the UE, especially for MU-MIMO transmission. The signalling design should be carefully studied to satisfy the following requirements
1. It should not introduce too much extra overhead 

2. It should accommodate both SU-MIMO and MU-MIMO in the same DCI format, so that one DCI format would be used for both SU-MIMO and MU-MIMO, and thus support dynamic switching between these two types of MIMO transmission
To achieve the above requirements, some designs could be considered. One example is shown in Table 1. In this table, if one transport block (TB) is enabled, then only rank-1 transmission will be scheduled for each UE. To support both SU-MIMO and MU-MIMO, 4 orthogonal DM RS ports could be signalled, which allow the scheduling of 4 UEs in MU-MIMO, each with corresponding DM RS port for demodulation its single layer transmission. The 4 orthogonal DM RS ports could be either defined as shown in Figure 2 or as shown in Figure 3. When two TBs are enabled, the rank scheduled for each UE should be larger than one. The right portion of Table 1 shows that for SU-MIMO, DM RS ports for rank 2 to rank 8 transmission could be signalled, while for MU-MIMO, two different combinations of DM RS ports could be signalled to the UE, each contains two DM RS ports. That could allow the support of MU-MIMO of two UEs, each transmit on two layers. It should be remembered that in LTE-A, SU-MIMO needs to support up to 8 layer transmission, therefore, 3-bit is needed to signal the rank. In the proposed design as illustrated in Table 1, total 3-bit is used, which does not exceed 3-bit supposedly required for SU-MIMO transmission itself, but yet, it could signal DM RS ports for both SU-MIMO and MU-MIMO and therefore support both of these types of transmissions. For SU-MIMO, it could signal DM RS ports for up to 8 layer transmission. For MU-MIMO, it could accommodate all the scenarios agreed so far for MU-MIMO transmission, namely, 
· supporting up to 4 layers transmission in total, 
· supporting up to 2 layers for each UE, 
· supporting up to 4 UE. 
	Index
	If one TB is enabled and the other TB is disabled
	Both TB are enabled

	
	DM RS ports
	Transmission
	DM RS ports
	Transmission

	0
	1
	SU/MU-MIMO
	1 and 2
	SU/MU-MIMO

	1
	2
	MU-MIMO
	3 and 4
	MU-MIMO

	2
	3
	MU-MIMO
	1,2,3
	SU-MIMO

	3
	4
	MU-MIMO
	1,2,3,4
	SU-MIMO

	4
	Reserved
	
	1,2,3,4,5
	SU-MIMO

	5
	Reserved
	
	1,2,3,4,5,6
	SU-MIMO

	6
	Reserved
	
	1,2,3,4,5,6,7
	SU-MIMO

	7
	Reserved
	
	1,2,3,4,5,6,7,8
	SU-MIMO


Table 1: DM RS ports signalling to support SU-MIMO and MU-MIMO

An alternative for such signalling design would be to support both 2 orthogonal DM RS ports and 4 orthogonal DM RS ports, which is also proposed in [8]. The scenarios to justify such combination of DM RS ports would be that depending on the antenna setup and traffic loading, 2 orthogonal DM RS ports and 4 orthogonal DM RS ports could be beneficial in different scenarios. For example, when the loading in a cell is low, a few number of UEs could be scheduled in MU-MIMO, in such situation, 2 orthogonal DM RS ports would be enough. On the other side, in a high loading system, a large number of UE could possibly be scheduled in MU-MIMO, in such scenario, 4 orthogonal DM RS ports would be needed for improved performance. Table 2 shows an example of supporting both 2 orthogonal DM RS ports and 4 orthogonal DM RS ports for MU-MIMO. In the table, the DM RS port w/o * indicate different DM RS ports, for example, DM RS port without * could be defined as shown in Figure 1 for rank 1 and 2, while DM RS ports with * could be defined as shown in Figure 2 or Figure 3 for rank 1 to 4. By doing so, the eNB could have enough flexibility to signal different types of DM RS ports to the UE to achieve better performance in different scenarios. For the UE, the channel estimation on different DM RS ports do not necessarily bring increased complexity considering such UE may have the capability of support SU-MIMO transmission with up to 8 layers.  
	Index
	If one TB is enabled and the other TB is disabled
	Both TBs are enabled

	
	DM RS ports
	Transmission
	DM RS ports
	Transmission

	0
	1
	SU/MU-MIMO
	1* and 2*
	SU/MU-MIMO

	1
	1*
	SU/MU-MIMO
	3* and 4*
	MU-MIMO

	2
	2
	MU-MIMO
	1,2,3
	SU-MIMO

	3
	2*
	MU-MIMO
	1,2,3,4
	SU-MIMO

	4
	3*
	MU-MIMO
	1,2,3,4,5
	SU-MIMO

	5
	4*
	MU-MIMO
	1,2,3,4,5,6
	SU-MIMO

	6
	Reserved
	
	1,2,3,4,5,6,7
	SU-MIMO

	7
	Reserved
	
	1,2,3,4,5,6,7,8
	SU-MIMO


Table 2:  Combined DM RS ports signalling to support SU-MIMO and MU-MIMO
4. Conclusion

In this contribution, some aspects on supporting either 4 orthogonal DM RS ports or 2 orthogonal DM RS ports are discussed for LTE-A. There are pros and cons of these two DM RS designs. However, considering that performance enhancement should be with higher priority in  designing the LTE-A system, we feel that 4 orthogonal DM RS ports should be introduced for MU-MIMO, or both 4 orthogonal DM RS ports and 2 orthogonal DM RS ports could be  supported.  The design of signaling different DM RS ports are also considered, and some design examples are illustrated, which could be used to support both SU-MIMO and MU-MIMO without introducing additional overhead. 
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