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1. Introduction

Based on the discussion on DMRS enhancement in the last RAN1 meeting, the following working assumption was made:

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. 
The working assumption is subject to resolution of signalling and power imbalance issues and in this contribution we only discuss power imbalance issues; signalling aspects are discussed in our companion contribution [1]. 
2. Discussions
In [2], power imbalance issues of Alt 1 DMRS enhancement are well discussed; in summary, when the legacy OCC sequence mapping is used for port 7,8,11,13, average transmit power of each OFDM symbol can be different in worst case where, for example, the precoding weights of all transmit layers at the n-th transmit antenna are the same.
In this contribution, we discuss two alternatives of new OCC sequence mapping to address this power imbalance issue. For convenience of explanation, we rename port numbers as port 7’,8’,11’,13’ when a new OCC sequence mapping is applied and use the same port numbers, i.e., port 7,8,11,13, when the legacy OCC sequence mapping is applied.
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Figure 1. New OCC sequence mapping pattern (Alt 1)
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Figure 2. New OCC sequence mapping pattern (Alt 2)
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Figure 3. An example of DMRS transmit power
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Figure 4. The OCC code defined in the current LTE specification.

Figure 1 shows a new OCC sequence mapping pattern (Alt 1); Alt 1 is mapping Walsh sequence such that [a b c d], [d c b a], [b a d c], and [c d a b] in the order of subcarriers, repeatedly. Note that Figure 4 describes a, b, c, and d defined in the current LTE specification. As a result, it ensures peak power randomization over 4 RBs as shown in Figure 3 even in the case where the precoding weights of all transmit layers at the n-th transmit antenna are the same. Furthermore, as described in Figure 1, it still achieves 2D code orthogonality [Section 3.2 in 4] in the frequency domain in addition to the time domain, which may lead to potential performance improvement in high Doppler channels [3]. 

 Regarding backward compatibility, Alt 1 ensures the same OCC sequence mapping for port 7’ and 11’ as Rel-12, but different for port 8’ and port 13’ so that port 7’=port 7, port 11’=port 11, port 8’ 
[image: image5.wmf]¹
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port 13. Specifically, In Rel-12 OCC sequence [+1 -1 +1 -1] and [-1 +1 -1 +1] is alternatively used for port 8 but, in Alt 1, OCC sequence [+1 -1 +1 -1], [-1 +1 -1 +1], [-1 +1 -1 +1], and [+1 -1 +1 -1] is used for port 8’. 

As a result, if legacy UE and Rel-13 UE use port 7’ and port 8’, respectively, then Alt 1 can cause the CE performance degradation of legacy UE who tries OCC dispreading over five subcarriers. This is highlighted in red dotted line in Figure 1; frequency domain orthogonality is no longer satisfied for OCC sequences grouped in red dotted line.

In order to conduct MU transmission between legacy UE and Rel-13 UE using Alt 1, port 8 should be allocated to legacy UE and port 7’ be allocated to Rel-13 UE. In this case, there is no performance impact on legacy UE performance because OCC mapping for port 7’ is the same as Rel-12. On the other hand, Rel-13 UE needs to conduct BD for port 8 and port 8’ and conduct dispreading depending on BD result. 
Observation 1:
· Alt 1 addresses power imbalance issue over 4 RBs.
· Alt 1 achieves the same degree of 2D orthogonality as conventional OCC sequence mapping.
· Alt 1 has a backward compatibility issue, but MU transmission between legacy UE and Rel-13 UE is possible if Rel-13 UE can conduct BD for port 8 and port 8’.

Figure 2 shows another OCC sequence mapping pattern (Alt 2); Alt 2 is mapping Walsh sequence such that [a b c d], [d c b a], [c d a b], and [b a d c] in the order of subcarriers, repeatedly. As a result, it ensures peak power randomization over 4 RBs as shown in Figure 3 even in the case where the precoding weights of all transmit layers at the n-th transmit antenna are the same. However, unlike Alt 1, it achieves 2D orthogonality only for a few 2D windows.

 Regarding backward compatibility, Alt 2 ensures the same OCC sequence mapping for port 7’ and 8’ as Rel-12, but different for port 11’ and port 13’ so that port 7’=port 7, port 8’=port 8, port 11’ 
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port 13. Specifically, In Rel-12 OCC sequence [+1 +1 -1 -1] and [-1 -1 +1 +1] is alternatively used for port 11 but, in Alt 1, OCC sequence [+1 +1 -1 -1], [-1 -1 +1 +1], [-1 -1 +1 +1], and [+1 +1 -1 -1] is used for port 11’. As a result, MU transmission is possible between legacy UE and Rel-13 UE by using port 7’ and port 8’ at the same time.
Observation 2:

· Alt 2 addresses power imbalance issue over 4 RBs.
· Alt 2 achieves the lower degree of 2D orthogonality than conventional OCC sequence mapping.
· Alt 2 supports backward compatibility.

Proposal 1: Alt 1 and 2 can be considered a new OCC sequence mapping to address power imbalance issues when DMRS enhancement is introduced.
3. Conclusion
In this contribution, we discuss power imbalance issues for DMRS enhancement; signalling aspects are discussed in our companion contribution [1]. Based on the discussion, we have the following observations and proposals:

Observation 1:

· Alt 1 addresses power imbalance issue over 4 RBs.

· Alt 1 achieves the same degree of 2D orthogonality as conventional OCC sequence mapping.

· Alt 1 has a backward compatibility issue, but MU transmission between legacy UE and Rel-13 UE is possible if Rel-13 UE can conduct BD for port 8 and port 8’.

Observation 2:

· Alt 2 addresses power imbalance issue over 4 RBs.
· Alt 2 achieves the lower degree of 2D orthogonality than conventional OCC sequence mapping.
· Alt 2 supports backward compatibility.
Proposal 1: Alt 1 and 2 can be considered a new OCC sequence mapping to address power imbalance issues when DMRS enhancement is introduced.
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