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1 Introduction
In RAN1#82 meeting, the following agreements were made for DMRS enhancements for higher order MU-MIMO [1].
Working Assumption, subject to resolution of signalling and power imbalance issues:
· Alt.1, i.e., OCC=4 and 12REs for higher order MU-MIMO transmission is supported with the following ports
	Ports for MU transmission 
	OCC 

	Port 7(’) (detailed naming FFS)
	[1 1 1 1] 

	Port 8(’)
	[1 -1 1 -1] 

	Port 11
	[1 1 -1 -1] 

	Port 13
	[1 -1 -1 1] 


· Solutions for signalling and power imbalance should be submitted for RAN1#82bis. 
In this contribution, we discuss the signalling and power imbalance issues related to Alt. 1 scheme.
2 Discussion
2.1 Power imbalance
According to [2], Alt. 1, e.g. 12 REs with OCC 4 for DM-RS may suffer from an uneven distribution of power. As illustrated in below, for the 1st and 4th DMRS symbols, the transmission power is determined by OCC code a and d, and for the 2nd and 3rd symbol, the transmission power is determined by OCC code b and c. If the same precoding weights are used for all the four layers at the n-th transmit antenna, e.g.,  then the four symbols of the DM-RS REs will have different transmission power due to different combination of the OCC codes, which may lead to 0.97 dB average to peak power increase for the 1st and 4th symbols and 1.25dB power loss for the 2nd and 3rd symbols for the n-th transmit antenna. 
[image: ]

Fig. 1: Example of the transmission power imbalance for Alt. 1 scheme [2]
However, it is noted that the observation is based on the assumption that the same precoder is used for all the PRBs in the frequency domain and for 4 orthogonal DMRS ports, e.g. wideband precoding for the same co-scheduled 4 MU layers. For the DM-RS based transmission schemes, the same precoder is applied to both DM-RS and PDSCH, UE performs channel estimation on the RB basis or joint channel estimation across the scheduled PRBs in the PRG. Phase continuity across the PRG is not required. Therefore, the power imbalance issue can be solved by applying a random phase rotation to the precoding weight for different PRGs. For example, the eNB may apply additional precoder [1 -1] every two PRGs for port 11 and 13 to switch the precoding weight between . As illustrated below, with precoding vector switch, the transmission power of the n-th transmit antenna can be same for all the four symbols of the DM-RS REs, e.g., . Although the total transmission power may be affected by the precoding vector switch, but the overall impact of power imbalance can be minimized. In addition, if different MU transmissions are applied in the frequency domain with different precoder the probability for power imbalance can be further reduced. Therefore, the power imbalance issue for Alt. 1 scheme can be solved via proper eNB implementation.  

Observation: The power imbalance issue for Alt. 1 can be solved by proper eNB implementation. No further specification work is needed. 
2.2 Control signalling for DMRS assignment indication 
In this section we discuss DL control signalling design to support additional DMRS ports. According to [3, 4, 5] and other contributions, there are at least following alternatives for DCI design for DMRS pattern and port indication. 
· Alternative 1: The codepoints for dynamic SCID switching is used to indicate the additional DMRS ports. In such case the SCID is set to a fixed value or semi-statically configured by higher layer signaling.
· Alternative 2: The codepoints for rank > 4 is used to indicate the additional DMRS ports. In such case, dynamic SCID switching is allowed but the rank for SU-MIMO is limited to 4.
· Alternative 3: At least 1 more bit is added to DCI format to indicate the OCC length and additional DMRS ports.
It can be seen that the difference between these alternatives is whether to allow dynamic SCID switching and support of rank 5-8 SU-MIMO. Alt. 1 and 2 can reuse the existing DCI format although the DMRS assignment table may be changed for indicating additional DMRS ports. It is also known that there is a limitation on DMRS assignment flexibility for both Alt. 1 and 2. One improvement is to use Alt. 1 or 2 only for PDCCH mapped to UE specific search space. In such case the fallback to legacy DMRS pattern can be supported by transmitting PDCCH in common search space. 
Alt. 3 may allow full flexibility for DMRS assignment but at the price of the new DCI format. In order not to increase number of blind decoding, RRC signalling can be used to indicate the increase of DCI size and additional 1 bit for DMRS assignment. However, since other FD-MIMO features or other Rel-13 features such as eCA may also require to increase the DCI size the impact on the link performance for larger DCI size shall be studied carefully. Table 1 below shows the current size of DCI format 2, 2A, 2C and 2D for 20MHz system bandwidth for both FDD and TDD. It can be seen for DCI format 2C and 2D, the payload size is close to or larger than the maximum bits supported by one PDCCH CCE. Therefore at least two CCE shall be allocated in such case.

Table 1. The payload size of DCI format 2, 2A, 2C and 2D for 20MHz bandwidth
	
	Format 2
	Format 2A
	Format 2C
	Format 2D

	FDD
	67
	64
	69
	71

	TDD
	70
	67
	73
	75


Another issue to consider for DCI design is whether to allow different SCID values for additional DMRS ports with OCC4. The motivation is to support up to 8-layer MU transmission. For a given scrambling ID, up to 4 orthogonal DMRS ports can be supported. Combing with scrambling ID, total 8 quasi-orthogonal ports can be supported for MU transmission. But this may increase UE processing complexity for inter-cell interference cancelation if NAICS receiver is applied. Table 2 below show the number of port combination hypothesis for orthogonal and quasi-orthogonal MU transmission. Due to the large number of hypothesis for quasi-orthogonal MU-MIMO, it seems not feasible to use ML approach to detect MU-MIMO rank and the existence of the interfering layers. A suboptimal solution is to detect MU-MIMO layers separately for each scrambling ID. But mutual interference between layers with different scrambling ID may limit the detection performance, especially when two scrambling IDs have the same strength. On the other hand, the performance benefit for max 8-layer MU transmission is quite limited even with high traffic load and 64 antenna ports according to [3]. In some scenarios, max. 4-layer MU transmission performs better than max. 8-layer MU transmission, especially for cell edge UE throughput. Therefore, in our view there is no well justification to support max. 8 layer MU in Rel-13 using quasi-orthogonal DMRS port multiplexing considering the impact on UE implementation complexity and limited performance benefits. 
Table 2. Number of port combination hypothesis for orthogonal and quasi-orthogonal MU-MIMO
	
	2-layer
	3-layer
	4-layer

	Orthogonal MU-MIMO using OCC4 only
	
	 
	

	Quasi-orthogonal MU-MIMO with OCC4 and SCID
	
	 
	 


During the online discussion in RAN1#82, it was unclear whether the same naming e.g. port 7 and 8 can be reused for new DMRS ports with OCC4. One concern is that the sequence de-spreading operation is different for OCC2 and OCC4 even the same OCC code is applied. This is related whether the DMRS assignment shall support both OCC2 and OCC4 for OCC code [1 1 1 1] and [1 -1 1 -1] for Rel-13 UE. Generally, we think that Rel-13 UE shall have the capability to blind detect the appearance of port 11 and 13 in the scheduled RBs. If port 11 and 13 is not detected then the legacy OCC2 based UE-RS channel estimation can be applied otherwise the new OCC4 based channel estimation will be used. The indication of both the OCC length for OCC code [1 1 1 1] and [1 -1 1 -1] may impose unnecessary scheduling constraints such that a mixed configuration of OCC2 and OCC4 DMRS ports across the scheduled RBs is not allowed for a given UE. However, we do see there are some benefits. Firstly, it allows to fallback to legacy DMRS pattern for 2-layer MU transmission. Secondly, it removes the unnecessary blind detection operation if there is only 2-layer MU transmission thus reducing UE power consumption. Therefore, OCC 2 for up to 2 orthogonal port multiplexing shall also be included in DMRS assignment for Rel-13 UE. 
Based on the above discussion, we think the DMRS assignment for Rel-13 UE shall include 1-bit for DMRS pattern indication, e.g. OCC2 or OCC4, and 3-bits for antenna ports, scrambling identity and number of layers indication. The existing DMRS assignment indication table can be reused if 1-bit DMRS pattern indication is set to 0. If the value of 1-bit pattern indicator is 1, a new DMRS assignment table may need to be defined. One example for antenna ports, scrambling identity and number of layers indication is illustrated in Table 3. 
Table 3: Antenna port(s), scrambling identity and number of layers indication for Rel-13
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	1 layer, port A, nSCID=0
	0
	2 layers, ports A-B, nSCID=0

	1
	1 layer, port B, nSCID=0
	1
	2 layers, ports C-D, nSCID=0

	2
	1 layer, port C, nSCID=0
	2
	3 layers, ports 7-9

	3
	1 layer, port D, nSCID=0
	3
	4 layers, ports 7-10

	4
	2 layers, ports 7-8
	4
	5 layers, ports 7-11

	5
	3 layers, ports 7-9
	5
	6 layers, ports 7-12

	6
	4 layers, ports 7-10
	6
	7 layers, ports 7-13

	7
	Reserved
	7
	8 layers, ports 7-14



If the size of DCI cannot be increased then the value of 1-bit DMRS pattern indicator can be semi-statically configured by higher layer signalling for a given UE. Other approaches, such as PDCCH search space may also be considered. Therefore we propose:
Proposal 1: The DMRS assignment for Rel-13 UE shall include 1-bit for DMRS pattern indication, e.g. OCC2 or OCC4, and 3-bits for antenna ports, scrambling identity and number of layers indication. FFS on signaling of 1-bit pattern indicator. 
Proposal 2: Antenna ports, scrambling identity and number of layers indication in Table 3 shall be considered for Rel-13 UE. 
3	Conclusion
In this contribution, we discuss the control signalling and power imbalance issues related to Alt. 1. We have the following observation and proposal:
Observation: The power imbalance issue for Alt. 1 can be solved by proper eNB implementation. No further specification work is needed. 
Proposal 1: The DMRS assignment for Rel-13 UE shall include 1-bit for DMRS pattern indication, e.g. OCC2 or OCC4, and 3-bits for antenna ports, scrambling identity and number of layers indication. FFS on signaling of 1-bit pattern indicator. 
Proposal 2: Antenna ports, scrambling identity and number of layers indication in Table 3 shall be considered for Rel-13 UE. 
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