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1. Introduction

In LTE-Advanced, total 8 demodulation reference signals (DM-RS) will be introduced to support up to 8 layers transmission to meet LTE-Advanced requirement [1]. So far, the DM-RS pattern for normal CP has been decided [2-3], as shown in Figure 1. Some key characteristics are summarized as 

· RS overhead of 12 RE per layer

· Take the same RS position

· Up to two CDM groups

· In case of rank 1/2, only one CDM group is allocated (marked in green) while for beyond rank 2, two CDM groups are allocated (both green and blue)
· Each CDM group has up to four DM-RS ports

· Two CDM groups are FDM multiplexed

· Orthogonal cover code (OCC) across time domain only

· Originally, length-2 and length-4 OCC is used for rank 1-4 and rank 5-8, respectively. However, we propose a smart OCC allocation to make a soft extension from rank 1-4 to rank 5-8, which will be addressed in this contribution
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Figure 1
Agreed DM-RS pattern supporting up to rank 8 (normal CP)
In this contribution, we will discuss DM-RS antenna port related issues, including DM-RS port indication, OCC allocation and OCC mapping. To some extent, the discussion is relevant to MU-MIMO as well as control signaling design, which is being discussed in parallel. 
2. Discussion
Basically, we have the following three issues to be solved, as follows

· Layer-to-DM-RS port mapping
· So far, DM-RS port indication is being discussed by either explicitly dynamic way or implicitly pre-defined way. However, such a dynamic design seems to introduce more control signalling overhead since essentially it is rank dependent and needs separate design for SU and MU. We don’t see the benefit of dynamic port indication. Instead, we prefer to go pre-defined indication for both SU-MIMO and MU-MIMO as baseline.

· OCC allocation

· Actually, the agreed DM-RS pattern shown in Figure 1 is a common design with the only difference of OCC length from rank-1 to rank-8. Application of length-2 OCC is much important to lower rank transmission, where good channel estimation accuracy can be obtained by using length-2 OCC for each CDM cluster, especially in a high mobility environment. So, the merit of OCC length-2 should be maintained as much as possible when we consider OCC allocation.
· OCC mapping

· OCC mapping is originally proposed in [4] with the aim to make full peak power randomization. Length-2 OCC mapping has been agreed in Rel-9 for dual layer beamforming [5]. We need further to analyze length-4 OCC mapping design and take backward compatibility into account.
3. Proposal

Three issues will be respectively addressed in this section.
3.1. Layer-to-DM RS port mapping

We propose a pre-defined DM-RS port indication in stead of dynamic indication, which is essentially bundled with transmission layers. The detailed mapping scheme is shown in Figure 2. More analysis are provided as

· With the agreed codeword-to-layer mapping
, we can build the fixed mapping from CW to DM-RS ports directly by using two-level mapping, i.e. CW-to-layer and layer-to-DM RS port.
· The principle of intra-CW mapping is used [6]. That means that the transmission layers associated with one CW are distributed into the same CDM group except rank 1/2, where it goes different way in Rel-9 dual layer beamforming. Such a design can keep per UE two CWs processing relatively independent, e.g. HARQ processing, power processing, etc.
· This mapping scheme is applicable to both SU/MU, although Rel-10 MU-MIMO is being discussed in parallel. So far, we prefer to keep Rel-9 MU-MIMO functionality as baseline, i.e. only one CDM group, up to two DM-RS ports and two scrambling sequences. Such a design can enable co-scheduling of Rel-9 and Rel-10 UEs. So, it is implicitly indicated that beyond rank 2 cases are SU-MIMO only while rank 1/2 are hybrid cases of SU/MU. 
· This mapping scheme is rank independent and can keep nested property, which can keep design complexity as low as possible to both eNB and UE. As rank goes up, additional layer will be mapped into a new DM-RS port with other allocated DM-RS ports unchanged. Per layer channel estimation at UE side can be kept the same regardless of transmission rank. 
· On control signaling design, we think this proposed mapping scheme can completely save overhead since DM-RS port indication is totally pre-defined and only associated with transmission rank. Once the rank information is known to UE, proper DM-RS ports identification and proper channel estimation can be performed by UE. 
Proposal: the pre-defined layer-to-DM RS port mapping shown in Figure 2 is preferred as baseline
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Figure 2
Pre-defined layer-to-DM RS port mapping

3.2. OCC allocation

Actually, each DM-RS port is associated with one CDM group and one OCC, like that in Rel-9 dual layer beamforming. Here, we propose a unified OCC allocation scheme for both low rank and high rank, as shown in Figure 3, where length-4 Walsh Codes are used. 
                            
[image: image2]
Figure 3
Unified OCC allocation for 8 DM-RS ports
More analysis are provided as
· A unified OCC allocation is worked out, where each DM-RS port is uniquely associated with one CDM group index and OCC index, as follows 

· DM-RS port 1→ {CDM group 1, OCC 1}  (use [1  1  1  1])
· DM-RS port 2→ {CDM group 1, OCC 2}  (use [1 -1  1 -1])
· DM-RS port 5→ {CDM group 1, OCC 3}  (use [1 -1 -1  1])
· DM-RS port 6→ {CDM group 1, OCC 4}  (use [1  1 -1 -1])
· DM-RS port 3→ {CDM group 2, OCC 1}  (use [1  1  1  1])
· DM-RS port 4→ {CDM group 2, OCC 2}  (use [1 -1  1 -1])
· DM-RS port 7→ {CDM group 2, OCC 3}  (use [1 -1 -1  1])
· DM-RS port 8→ {CDM group 2, OCC 4}  (use [1  1 -1 -1])
· With proposed layer-to-DM RS port mapping, OCC allocation is also rank independent. This eases the implementation for both eNB and UE.

· The merit of length-2 OCC can be exploited as much as possible even when length-4 OCCs are used. Two examples are presented in Figure 4. More specifically, 
· In case of rank 1/2 (both SU/MU), only one CDM group with up to two DM-RS ports are used (for Rel-9 MU-MIMO functionality). Length-2 OCC can be always assumed by UE to perform channel estimation since a length-4 OCC can be simply divided into two length-2 OCCs. So, the OCC allocation is backward compatible to Rel-9.
· In case of rank 3/4 (SU only), channel estimation using length-2 OCC can be performed by UE due to SU property implicitly indicated by rank value. 
· In case of rank 5/8 (SU only), channel estimation using legngth-4 OCC will be performed. However, for the case of rank-5, one of CDM group can still use length-2 OCC to perform channel estimation by UE. 
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Figure 4
Two examples of OCC allocation: Rank-4 (left) and Rank-5 (right)
· On control signaling design, no additional overhead is needed once rank value can be identified. 
Proposal: the OCC allocation scheme shown in Figure 3 is preferred
3.3. OCC mapping

Length-2 OCC mapping has been supported in Rel-9 for dual layer beamfomring [5]. When it comes to length-4 OCC mapping design, length-2 OCC mapping should be a subset and backward compatible.  We prefer the OCC mapping with cyclic shift in frequency domain shown in Figure 5 among some candidate schemes [7-9]. More analysis are provided as follows
· CDM group independent OCC mapping is proposed. Based on the above discussion, two CDM group could have unequal layer allocation, e.g. rank-3/5/7 and power boosting scheme, e.g. per-CW power processing. So, two CDM groups seems less of relevance. 

· OCC mapping with cyclic shift in frequency domain can achieve full peak power randomization for both CDM groups. And essentially, it is also backward compatible to agreed length-2 OCC mapping scheme in Rel-9.
· With the proposed OCC allocation, this mapping scheme is rank independent, i.e. applicable to all rank.

· The same as length-2 OCC mapping in Rel-9, length-4 OCC mapping should be defined in the whole band, not UE-specific design.
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Figure 5
Proposed OCC mapping scheme with cyclic shift
Proposal: CDM group independent OCC mapping scheme

Proposal: cyclic shift in frequency domain for each CDM group is preferred

Proposal: OCC mapping should be defined in the whole band

4. Conclusion
In this contribution, we address some DM-RS related issues and present our preference as follows

· Layer-to-DM RS port mapping

· the pre-defined layer-to-DM RS port mapping shown in Figure 2 is preferred as baseline

· OCC allocation

· the OCC allocation scheme shown in Figure 3 is preferred

· OCC mapping

· CDM group independent OCC mapping scheme

· cyclic shift in frequency domain for each CDM group is preferred
· OCC mapping should be defined in the whole band
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� In Rel-10, up to two transport blocks can be transmitted to a scheduled UE in a subframe per downlink component carrier for Rel-10 MIMO and each transport block (associated with one codeword (CW)) is assigned its own modulation and coding scheme (MCS) [1].


� For simplification, we use the following DM-RS port number in the context as


CDM group 1: DM-RS ports 1/2/5/6


CDM group 2: DM-RS ports 3/4/7/8
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