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1 Introduction

In RAN1#66bis, DL DMRS enhancement for CoMP was discussed and following working assumption was agreed [1]
· Same DMRS sequence generator as in Rel-10 is used.
· A UE can be semi-statically configured in a UE-specific manner, which initialization values for DMRS scrambling generator are available for dynamic selection.
· Initialization values can be configured to correspond to Rel-10 DMRS. 

· FFS: Introduction of additional orthogonality for DMRS
This contribution provides some configuration schemes for initialization value of DMRS and shows our preference. We also discuss some consideration about dynamic switching between Rel-10 DMRS sequence and newly defined Rel-11 DMRS sequence.
2 Configuration schemes for initialization value of DMRS
In Rel-10, two types of DMRS (UE-specific RS) are supported for transmission mode (TM) 7, 8 and 9. In TM7, scrambling sequence for antenna port 5 is initialized with
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Since 
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 is UE-specific value, UE specific scrambling sequence can be utilized for TM7. But TM7 does not support multi-layer transmission.
In TM 8 and 9, scrambling sequence for antenna port 7-14 is initialised with
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The value of 
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=0 or 1 is signalled by DCI format 2B or 2C for port 7 and 8. However, TM9 supports only four UEs or layers for MU-MIMO. It is not sufficient especially for shared Cell ID scenario (e.g. CoMP scenario 4).
In Rel-11, it was agreed that initialization value can be semi-statically configured in UE specific manner as described in section 1 in order to increase the DMRS multiplexing capacity. We provide three configuration schemes as follows.
2.1 Alternative 1: RNTI based initialization value
In alternative 1, initialization value of equation (1) is reused for CoMP, i.e. initialization value is directly linked to the RNTI or UEID value. By using this initialization value, different UEs can be configured different DMRS sequences within a Cell ID as shown in Figure 1. So the DMRS multiplexing capacity in scenario 4 can be significantly increased in quasi-orthogonal manner.

Resource elements and orthogonal over code (OCC) in TM9 DMRS can be reused for alternative 1. However, since SCID for TM 9 is not necessary for alternative 1, current DCI format 2C is not suitable. Therefore, new DCI format or TM needs to be introduced in order to indicate the number of layers.

In alternative 1, the DMRS sequences of different UEs are always different. Therefore, even if the different antenna port or different OCC are used for different UEs, the orthogonality of DMRS is not ensured. This results in degradation of channel estimation accuracy.
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Figure 1 RNTI based initialization value for shared Cell ID scenario
2.2 Alternative 2: Additional SCID based initialization value

In alternative 2, additional SCID is configured by RRC in order to achieve orthogonal DMRS between different UEs with same Cell ID, i.e. intra-cell ID orthogonality. The initialization value is given by
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where nASCID is the RRC configured additional SCID value. If different additional SCID values are configured, DMRS capacity can be increased for scenario 4. For example, each TP or each group of TPs can use different additional SCID values. On the other hand, if the same additional SCID value is configured for different UEs, orthogonal DMRS can be utilized for these UEs by using different antenna port or OCC in the case of 2-layer MU-MIMO (as shown in Figure 2). For more than 2-layer MU-MIMO, 
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 can be reused to dynamically signal SCID via PDCCH as in Rel-10.
The difference between alternative 2 and current TM9 is only the DMRS initialization value, so DCI format 2C can be reused for alternative 2.
However, alternative 2 cannot support inter-cell ID orthogonality, because the DMRS sequence of different TPs having different Cell ID are different.
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Figure 2 Additional SCID based initialization value for shared Cell ID scenario
2.3 Alternative 3: RRC configured Cell ID based initialization value

In order to achieve inter-cell ID orthogonality, RRC configured Cell ID based initialization value can be considered as indicated in [2], [3]. In alternative 3, eNB configures the value of Cell ID part in equation (2) for DMRS initialization value. For example, initialization value can be expressed with
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where 
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 is RRC configured Cell ID for DMRS initialization value. The value range of RRC configured Cell ID is FFS. But the value outside the whole Cell ID set can be considered (e.g. above 503) as described in [2]. DCI format 2C can be reused as in TM9 for alternative 3. If some UEs are configured the same RRC configured Cell ID independently from their serving Cell ID, these UEs can share the same DMRS sequence. As a result, orthogonal DMRS can be used for different Cell ID CoMP scenarios as shown in Figure 3.
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Figure 3 RRC Configured Cell ID based initialization value for different Cell ID scenario
The characteristics of alternative 1-3 can be summarized as table 1.
Table 1 Summarization of alternative 1-3
	
	Configuration parameter
	Pros
	Cons

	Alternative 1
	RNTI 
(already signalled in Rel-10)
	· Significant DMRS multiplexing capacity within one cell ID
	· Intra-cell ID orthogonality
· Inter-cell ID orthogonality

· New DCI format is needed

	Alternative 2
	Additional SCID
	· Significant DMRS multiplexing capacity within one cell ID

· Intra-cell ID orthogonality
	· Inter-cell ID orthogonality

	Alternative 3
	RRC configured cell ID
	· Intra-cell ID orthogonality
· Inter-cell ID orthogonality
	· Less DMRS multiplexing capacity compared to Alt 1 and 2


Taking into account above consideration, we prefer alternative 3 because of the flexibility and applicability for inter-cell orthogonality.
In addition, in working assumption for CSI-RS configuration of last RAN1#67 meeting, it was agreed that cell ID part can be configured in a UE-specific manner for initialization value of CSI-RS sequence, i.e. the X part of following equation (5).
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(5)
where X may take on any value in the range of 0 to 503 and FFS whether beyond 503 are supported.

Therefore, when we consider the common structure for DMRS and CSI-RS, we think alternative 3 is straightforward solution for DMRS initialization value.
Proposal 1: Configuration of RRC configured Cell ID based initialization value can be considered for DMRS sequence generation for CoMP.
3 Dynamic Switching between Rel-10 DMRS and Rel-11 DMRS
The main motivation of dynamic switching between Rel-10 DMRS and Rel-11 DMRS is MU-MIMO between Rel-10 UE and Rel-11 UE. This is because DMRS orthogonality between Rel-10 DMRS and newly defined Rel-11 DMRS are not ensured.
If eNB restricts MU-MIMO between Rel-10 UE and Rel-11 UE with Rel-11 DMRS sequence in order to ensure the DMRS orthogonality, scheduling flexibility is decreased. Otherwise channel estimation accuracy would be degraded due to non-orthogonal DMRS among these UEs.
However additional DCI bit (e.g. 1 bit) is required for dynamic switching of DMRS sequence. In order not to increase the DCI size, SCID can be utilized for dynamic switching between Rel-10 DMRS sequence and Rel-11 DMRS sequence. For example, if SCID = 0 is signalled, Rel-10 DMRS sequence of SCID=0 is used. On the other hand, if SCID=1 is signalled, Rel-11 DMRS sequence is used. However, in the case of more than 2-layer SU-MIMO, only Rel-10 or Rel-11 DMRS can be used.

Another problem of dynamic switching is enhanced PDCCH (E-PDCCH). When UE demodulates E-PDCCH, the UE cannot know which DMRS sequence is used via DCI signalling. Therefore, semi-static switching is preferable for E-PDCCH demodulation.
These considerations can be summarized as shown in table 2.
Table 2 Summarization of semi-static and dynamic switching between Rel-10 DMRS and Rel-11 DMRS
	
	Pros
	Cons

	Semi-static switching
	· No additional DCI bit
· Applicability to enhanced PDCCH
	· Restricted scheduling flexibility
· Backward compatibility
(MU-MIMO between Rel-10 UE and Rel-11 UE)

	Dynamic switching
	· Scheduling flexibility

· Backward compatibility
(MU-MIMO between Rel-10 UE and Rel-11 UE)
	· Additional DCI bit
· Applicability to enhanced PDCCH


In this stage, we don’t have strong preference whether dynamic switching is needed. The introduction of dynamic switching need to be carefully considered taking into account the benefit, signalling overhead and applicability to enhanced PDCCH.
Proposal 2: The introduction of dynamic switching between Rel-10 DMRS and Rel-11 DMRS need to be carefully considered taking into account the benefit, signalling overhead and applicability to enhanced PDCCH.
4 Conclusions
In this contribution, we discuss configuration schemes of DMRS initialization value and some considerations for dynamic switching between Rel-10 DMRS and Rel-11 DMRS. Based on the consideration we propose that:

Proposal 1: Configuration of RRC configured Cell ID based initialization value can be considered for DMRS sequence generation for CoMP.
Proposal 2: The introduction of dynamic switching between Rel-10 DMRS and Rel-11 DMRS need to be carefully considered taking into account the benefit, signalling overhead and applicability to enhanced PDCCH.
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