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1 Introduction
A signficant effort has been spent in evaluating the performance and SU/MU-MIMO configurations enabled by the joint use of CS and OCC during previous RAN1 meetings. During RAN1 #60bis meeting the following was concluded:
· Introduce OCC in Rel-10 without increasing UL grant signaling overhead

· OCC can be used for both SU and MU-MIMO.
It was also proposed to:
· Continue discussion on Sequence hopping/ Sequence group hopping until next meeting

· Keep Rel-8 mechanism

· Introduce new hopping mechanism.
This contribution builds upon our previous contributions on configurations of UL DM RS [4]

 REF _Ref260674601 \r \h 
 \* MERGEFORMAT [7] and discusses the support of various MIMO configurations taking into account the operation related to sequence hopping and group hopping. 

2 Discussion on Sequence / Group Hopping

Sequence / Group Hopping (SGH) are optional Rel-8 pseudo-randomization techniques that aim at improving the resistance of UL DM RS towards, e.g., inter-cell interference. According to the Rel-8 specification, when SGH is enabled the signal employed for RS is updated on a slot basis and taken from a pseudo-random sequence. However, the Rel-8 SGH scheme introduces some limitations in MU-MIMO scheduling of users with unequal bandwidth allocations when OCC is the tool employed to guarantee orthogonality between the UL DM RSs of the co-scheduled users. Therefore, it was proposed by some companies [1]

 REF _Ref260674372 \r \h 
[2] to introduce an optional alternative SGH modality for Rel-10 where hopping is performed at subframe boundaries instead of slot boundaries. We summarize here some advantages and drawbacks of the two options:

SGH on a slot level (as in Rel-8):

· Allows MU-MIMO of Rel-8 and Rel-8/R10 UEs with equal BW.

· Does not allow pairing of Rel-10 UEs with unequal BW.
· Similar ínter-cell interference mitigation for DMRS as in Rel-8/9.

SGH on a subframe level:

· Allows MU-MIMO for Rel-10 users even with unequal BW.

· Does not allow MU-MIMO of Rel-8 and Rel-10 UEs, even with equal BW.

· Weaker interference mitigation compared to Rel-8/9.

Considering that CS hopping is enabled by default, the difference on the impact on inter-cell interference randomization of the two mentioned SGH modalities might be similar, even though we believe that this aspect needs further investigation.

We observe that during the initial deployment of R10 networks a large portion of the UEs is expected to be legacy Rel-8, thus motivating support for slot-level SGH to enable Rel-8/9/10 MU-MIMO.

Furthermore, some companies have shown that MU-MIMO with unequal BW allocation can lead to gains up to 15% in terms of cell throughput gain [3], even though some simulation assumptions (related, e.g., to link adaptation and traffic modelling) may deeply affect these results. Scenarios with potentially large gains for MU-MIMO are characterized by high cell load and large number of active UEs and are thus expected to occur in mature networks, where the fraction of Rel-10 UEs might be significant. Therefore, it also appears necessary to evaluate the benefit in terms of throughput delivered by either supporting slot-level SGH, subframe-level SGH or slot/subframe-level SGH for a network densely populated by Rel-10 UEs.
We also observe that MU-MIMO throughput gains are anyway likely to be moderate, if any, in a practical network with, e.g., non full-buffer users, medium load, mixed mobility among the users, realistic power offsets on SRS and bursty inter-cell interference. Therefore, in case support for both slot/subframe-level SGH is agreed, we believe that it is necessary to dynamically choose the SGH modality on a per UL grant basis in order to capture the available MU-MIMO gain. We believe that semistatic/higher layer signaling of SGH modality would imply unnecessary modifications in the specification and would not be able to deliver the potential (if any) gain provided by introducing an additional SGH modality. 
Based on the above considerations, we believe that in case of agreement on supporting both slot/subframe-level SGH, the SGH modality (slot/suframe-level) should be indicated in the UL scheduling grant. Recalling that during Meeting #60bis it was agreed not to increase the signaling payload, SGH modality indication should therefore be embedded in the 3 bits CS/OCC signaling field, as exemplified in Section 3 and, e.g., in  [2]

 REF _Ref260674522 \r \h 
[4].
Observation

· Further comparison of MU-MIMO gains with equal and unequal bandwidth allocation is necessary before any conclusion on SGH can be drawn.

· In case of agreement on support of both slot/subframe-level SGH, signaling of SGH modality should be performed in the UL grant (within the 3-bits allocated for CS/OCC signaling).
3 Tables of Patterns
During RAN1 #60bit meeting it was decided to limit the explicit signaling field of CS/OCC (and possibly SGH in case additional SGH modalities will be introduced) to 3-bits in PDCCH, as for CS signaling in REL-8. In order to achieve additional flexibility and efficiency in the signaling of CS/OCC/SGH it was proposed to introduce different tables of CS/OCC patterns for each transmission rank [2]

 REF _Ref260674522 \r \h 
[4]. The tables of patterns appear to be a convenient unifying graphical tool for the representation and comparison of the signaling schemes proposed by the different companies.
As an example, we represent here the signaling scheme proposed in [5]

 REF _Ref260500921 \r \h 
[6] for all ranks (under the assumption that SGH is not signaled in PDCCH) by use of such tables. Each index (from 0 to 7) represents a pattern of CS/OCC values.

Table 1: Example of DM RS tables of patterns for the signaling proposal in [5]

 REF _Ref260500921 \r \h 
[6]. Different numbers in the drawing indicate different patterns. Each UE is assigned a specific pattern for all the layers in the used rank.
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Proposal
· Unifying framework: Employ the graphical tool of tables of patterns to allow clear comparison of different signaling proposals.
4 Signaling proposal
We believe that explicit signaling of SGH/CS/OCC patterns should be based on the 3 existing CS bits in PDCCH in order to retain signaling efficiency and flexibility in scheduling. Furthermore, the optimal set of available SGH/CS/OCC patterns for each rank should be as large as possible and should have good orthogonality properties not only between the multiplexed layers but also w.r.t. other Rel-10 and Rel-8 UEs. Examples of how the signalling design can depend on the rank are given in [2]

 REF _Ref260674522 \r \h 
[4]

 REF _Ref260674601 \r \h 
[7].

One possibility is to jointly encode CS, OCC and SGH pattern options in the 3 existing CS bits from PDCCH, where one bit is employed for selecting the SGH pattern while the 2 remaining bits are employed for CS/OCC signaling. Of course generalized CS/OCC/SGH joint mappings can also be designed.

Table 2 provides an example of patterns for all ranks. Each of the 8 available entries identifies a unique CS/OCC/SGH pattern for all the layers of the considered UE. 
Table 2: DM RS tables of patterns for 4 Tx antenna UEs. Different numbers in the drawing indicate different patterns. Each UE is assigned a specific pattern for all the layers in the used rank.
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If SGH is disabled, a possibility is to employ the tables of patterns as proposed, e.g., in [6], in order to fully exploit the flexibility of signaling. Another possibility is to simply reuse the same patterns as for SGH, but of course without performing SGH.

Observation

· In case support of both slot/subframe-level SGH is agreed, a possible solution is to employ joint CS/OCC/SGH patterns as shown, e.g., in Table 2.
4.1 Usage example

In order to illustrate the proposed tables of patterns, we show some practical example applications. In the examples below, each UE takes a pattern from the corresponding rank in Table 1. In these examples, the number in the circle indicates the UE index and not the pattern index. Scenarios in examples d) and e) are taken from [8].
a) MU-MIMO, 2 x R10/2 layers UEs, possibly different scheduling bandwidths, per TTI SGH.
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b) MU-MIMO, 1 x R10/2 layers UE, 1 x R10/1 layer UE, 1 x REL-8/1 layer UE. Same scheduling bandwidths, per slot SGH.
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c) MU-MIMO, 1 x R10/3 layers UE, 1 x R10/1 layer UE. Different scheduling BW, per subframe SGH.
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d) MU-MIMO, 2 x R10/4 layers UE. Different scheduling BW, per subframe SGH.
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e) MU-MIMO, 4 x R10/2 layers UEs. Different scheduling BW, per subframe SGH.
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5 Summary

In this contribution we have discussed how to configure UL DM RS and SGH for Rel-10, taking into account performance, flexibility and signaling efficiency requirements for SU/MU-MIMO. Based on these considerations, we propose the following:

· Further comparison of MU-MIMO gains with equal and unequal bandwidth allocation before any conclusion on SGH can be drawn.

· In case of agreement on support of both slot/subframe-level SGH, signaling of SGH modality should be performed in the UL grant (within the 3-bits allocated for CS/OCC signaling).

· Unifying framework: Employ the graphical tool of tables of patterns to allow clear comparison of different signaling proposals.
· In case support to both slot/subframe-level SGH is agreed, a possible solution is to employ joint CS/OCC/SGH patterns.
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