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1 Introduction

Discussions on supporting OCC between slots as a complementary multiplexing scheme for uplink DM RS continues. Various proposals for configuration strategies for UL DM RS have been made, both based, e.g., on the existing PDCCH R8 field for CS ([1]-[5]) or alternatively requiring additional signalling for improved flexibility ([6]-[8]). It was brought up in RAN1 #60 meeting that the standardization efforts on adding OCC does not seem marginal as originally thought. In particular, it was concluded that

· Continue discussion to RAN1#60bis, focusing particularly on the standardisation complexity of adopting OCC for SU-/MU-MIMO, including:

· signalling mechanism and 
· means to support OCC with sequence hopping and group hopping.
This contribution builds upon our previous OCC contribution in [6] and discusses the support of OCC taking into account the operation related to sequence hopping and group hopping. 
2 Discussion on OCC

In RAN1#57 meeting, it was agreed that cyclic shift (CS) separation is the primary multiplexing scheme for UL DM RS, while OCC has been regarded as a complementary multiplexing scheme for further study. Simulation results from several companies have shown that OCC can lead to some performance gain for very specific propagation scenarios [1]-[4] and no gain at all in several other settings. Furthermore, the overall system-level gain due to OCC appears to be marginal according to [2], even though the simulation in [2] was performed at low speed which is a requirement for OCC to be effective.

An argument in favour of OCC is that it enables MU-MIMO pairing of groups of users where each group of users has different scheduled bandwidth. On the other hand, MU-MIMO where all the users share the same scheduled bandwidth does not require OCC for orthogonality. However, the gain associated with enabling pairing of users with unequal bandwidth is uncertain, as different companies show contrasting results [2],[5]. Furthermore, it is unclear if a practical scheduler would be able to fully exploit the freedom offered by MU-MIMO with unequal user bandwidth, taking into account also that the power uncertainty, due to RAN4 requirements, associated with SRS makes link adaptation potentially unreliable. 
According to the above considerations, the practical gain of OCC appears uncertain and probably marginal from a system point of view. Therefore, we believe that OCC should only be considered if it does not imply any increase in the signaling overhead associated to UL DM RS. Toward this end, a proposal of a flexible joint signaling strategy for CS and OCC characterized by the same amount of signaling overhead as in Rel-8 is presented in [6]. 

Proposal
· Consider supporting OCC only if it does not require additional signalling overhead
3 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. Assuming the SGH scheme as baseline for R10 and assuming that CS/OCC patterns for UL DM RS are signaled, e.g., as in [6], SGH appears to be compatible with most SU/MU-MIMO configurations of practical interest. However, as pointed out by some companies [2],[7], SGH is not compatible with MU-MIMO and unequal bandwidth allocation. In order to overcome this disadvantage, it was proposed in [7] to introduce an additional signaling bit in the DCI format for the uplink grant in order to switch between two different SGH modalities:

1. SGH operates on a slot basis (default for R8)

2. SGH operates on a subframe (TTI) basis.

The proposal in [2][7] enables pairing of Rel-10 only UEs with unequal bandwidth allocation by selecting option 2). On the other hand, Option 1) should be taken as the default hopping option in order to allow co-scheduling of R8 UEs (on the same bandwidth). It should be observed that this solution does not allow in any case co-scheduling with unequal bandwidth allocation of R8 UEs with SGH enabled and R10 UEs.
According to the reasons already expressed in Section 2, the gain associated to MU-MIMO with unequal bandwidth allocation appears to be questionable, while there is extra complexity in the scheduler to handle the special treatment of Rel-10 UEs. Furthermore, the solution proposed in [2][7] does not enable full MU-MIMO scheduling flexibility even though it requires an additional signaling bit per UL grant. Based on these observations, we conclude that SGH as proposed in Rel-8 remains the preferred solution also for Rel-10 and that introducing an additional SGH mode would only further complicate the operation of the uplink. 

In case there is an agreement of jointly enabling SGH and MU-MIMO with unequal bandwidth allocation, we believe that the resulting signaling proposal should not imply any additional overhead, as the foreseen performance increase does not justify it.

Observation

· Slot level SGH as in Rel-8 remains preferred solution

· Introducing subframe level SGH would only further complicate the operation of the system and not help the common case of Rel-8/9 UEs 

· Not clear that supporting SGH for MU-MIMO and unequal bandwidth allocation is needed

4 Signaling examples

We believe that explicit signaling of CS/OCC patterns should be based on the 3 existing CS bits in PDCCH in order to retain signaling efficiency. However, in order to improve optimization of the signaled patterns, additional L1 implicit information may be exploited, such as the transmission rank.

Furthermore, the optimal set of available 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 [6].

In case support of SGH in conjunction with MU-MIMO and unequal bandwidth allocation of R10 UEs is regarded as an essential feature for R10, a possible solution is to switch between two optional SGH modalities [2][7] as described in Section 3. However, according to the arguments provided in Section 3 and differently from [7], at least no extra signaling should be spent for switching between the two SGH modalities. 

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

Table 1 provides an example of patterns for rank=1 and rank=2. Each of the 8 available entries identifies a unique CS/OCC/SGH pattern for all the layers of the considered UE. We stress that these are only examples for use in the event that an additional hopping mechanism is agreed. Our clear preference is however to not introduce an additional hopping scheme.

Table 1: 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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The design of the remaining patterns for rank=3 and rank=4 can be done in a similar manner.

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

· Although the gains of supporting different bandwidth allocations with MU-MIMO are unclear, a possible solution if support for OCC and TTI based hopping is agreed is to  employ joint CS/OCC/SGH patterns as shown, e.g., in Table 1

4.1 Usage example

In order to illustrate the use of the mentioned solution, 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.

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 R8/1 layer UE. Same scheduling bandwidths, per slot SGH.
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5 Summary

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

· Consider supporting OCC only if it does not require additional signalling overhead

· No introduction of an additional hopping mechanism

· If subframe level hopping nevertheless is agreed it should not require additional signalling overhead – joint encoding of CS/OCC/SGH patterns would be required 
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