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1. Introduction
In Rel-11, enhancement of DM-RS sequence has been discussed for some operations of DL CoMP such as inter-point MU-MIMO or interference randomization. To this end, it was agreed to enable dynamic selection of UE-specific parameter X for DM-RS sequence initialization from semi-statically configured candidates set. In RAN1 #68 meeting, the working assumption (WA) was endorsed for DM-RS sequence as follows [1].
Working Assumption from RAN1 #68:

· Enhancement to DM-RS sequence in Rel-11 DL CoMP is supported. 
· The scrambling sequence of DM-RS for PDSCH on ports 7~14 is initialized by
· 
[image: image1.wmf]ë

û

(

)

(

)

SCID

16

init

2

1

2

1

2

/

n

X

n

c

s

+

×

+

×

+

=


· X is a parameter whose value is dynamically chosen from {x(0), x(1), … x(N-1)} for N>1, and x(n) (0<=n<N) are configured by UE-specific RRC signaling.  

· The value of N and details of dynamic selection are FFS.

· X could be dynamic signaling with additional bits of DCI format or 

· Tied to current parameter, e.g., nSCID
· The value range of x(n) (0<=n<N) is FFS.
· Note: Target of harmonization with ePDCCH is FFS
In this contribution, we discuss the details of DM-RS sequence from the perspective of dynamic selection for flexible scheduling in DL CoMP.
2. Dynamic scrambling sequence of DL DM-RS
    In this section, we discuss on the remaining issues of DM-RS sequence for CoMP. According to WA from RAN1 #68 meeting, the number of candidate for UE-specific parameter X of DM-RS sequence and their range should be clarified. Then, it should be considered how to dynamically indicate which x(n) is selected for X of DM-RS scrambling sequence.
2.1. Candidates for DM-RS sequences
In CoMP scenario 4, transmit point (TP) based local transmission is considered to obtain cell splitting gain. In such a case, legacy physical cell ID based DM-RS sequence may cause significant interference since all of DM-RS sequences are generated using only two initialization values. Therefore, TP-specific ID is needed for initialization of DM-RS sequence and it should be included as a candidate for X. On the other hand, the dynamic selection of scrambling sequence for DM-RS is mainly motivated by MU-MIMO scheduling in DL CoMP. The potential MU-MIMO transmissions concerned with dynamic selection of DM-RS sequence are as follows.
· MU-MIMO between Rel-11 UE and Rel-10 UE using orthogonal DM-RS
· MU-MIMO between Rel-11 UEs which belong to different TPs using orthogonal DM-RS
In the former case, Rel-11 UE should have availability to generate DM-RS sequence based on physical cell ID for co-scheduling with Rel-9/10 UE while in the latter case DM-RS sequence based on TP-specific ID is needed for the Rel-11 UE where such TP-specific ID corresponds to inter TP which is co-scheduled. Hence, the physical cell ID and TP-specific ID corresponding to co-scheduled TP should be included as candidates for X of DM-RS sequence.
Observation #1:
- Physical cell ID and TP-specific ID corresponding to inter TP which can be co-scheduled should be included as candidates for X of DM-RS scrambling sequence to support MU-MIMO transmission.
According to above observations, we consider the potential number of candidates for the UE-specific parameter X of DM-RS sequence in DL CoMP. As an example, it is assumed that the maximum size for CoMP measurement is set to 3 (e.g., TP1, TP2, and TP3) [2]. For Rel-11 UE belongs to TP1, TP1-specific ID is needed for interference randomization while physical cell ID, TP2-specific ID, and TP3 specific ID are needed for MU-MIMO transmission. Thus, if all of TP-specific IDs are different from physical cell ID (e.g., CoMP scenario 4), the number of candidate for X of DM-RS scrambling sequence is at most 4 in this case.
Proposal #1: 
- Considering the possible size of CoMP measurement set is less or equal to 3, the number of candidates for X of DM-RS scrambling sequence is preferred in the range of [2, 4].
2.2. Dynamic indication of DM-RS sequence
It is addressed that the current field for nSCID (e.g., 0 or 1) in DCI format 2C can be utilized to indicate dynamic change of DM-RS sequence [3]. However, it can restrict inter-point MU-MIMO transmission in CoMP scenario 4 since nSCID can provide only two candidates for initialization value of DM-RS sequence. Consider that TP1 is a pico eNB and is located inside of macro eNB coverage in CoMP scenario 4 as depicted in Fig 1. Then, TP1-specific ID which has different value from physical cell ID is required for local transmission and physical cell ID is also required for MU-MIMO with Rel-9/10 UEs. In such a case, there is no available DM-RS sequence and hence inter-point MU-MIMO transmission can be restricted.
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Fig 1. Limitation of dynamic DM-RS sequence with two candidates in CoMP scenario 4

In addition, the use of nSCID can cause limitation on the number of available layers when inter-point MU-MIMO transmission is applied. For instance, up to 8 layers can be supported for nSCID = 0 while at most 2 layer transmission is allowed for nSCID = 1 when transmission mode 9 (TM 9) is exploited as shown in Table 1 [4]. To this end, the use of additional bits of DCI format for dynamic indication of DM-RS should be considered.
Proposal #2:
 - The use of additional bits of DCI format for dynamic indication of DM-RS should be considered.
	One Codeword:

Codeword 0 enabled,

Codeword 1 disabled
	Two Codewords:

Codeword 0 enabled,

Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	1 layer, port 7, nSCID=0
	0
	2 layers, ports 7-8, nSCID=0

	1
	1 layer, port 7, nSCID=1
	1
	2 layers, ports 7-8, nSCID=1

	2
	1 layer, port 8, nSCID=0
	2
	3 layers, ports 7-9

	3
	1 layer, port 8, nSCID=1
	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


Table 1. Antenna port(s), scrambling identity and number of layers indication in DCI format 2C
2.3. Range of initialization value
The UE-specific parameter X for DM-RS sequence can be considered as either physical cell ID or TP-specific ID. Thus, x(n) which is a candidate for X should have the range of physical cell ID (i.e., [0, 503]) and the benefit is not clear to expand the current range which is based on physical cell ID.
Proposal #3: 
- The value of x(n) can be in the range of [0, 503].
3. Conclusion
We considered in this contribution the enhancement DL DM-RS sequence for CoMP. The following proposals were provided based on the discussion:
Proposal #1:
- Considering the possible size of CoMP measurement set is less or equal to 3, the number of candidates for X of DM-RS scrambling sequence is preferred in the range of [2, 4].

Proposal #2:
 - The use of additional bits of DCI format for dynamic indication of DM-RS should be considered.

Proposal #3: 
- The value of x(n) can be in the range of [0, 503].
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