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1 Introduction
During RAN1#62bis meeting it has been agreed that [1]:

· In addition to cell-specific on/off configuration of SGH for Rel-10 UEs, UE-specific configuration of SGH for PUSCH is supported by higher-layer signaling. 

· The UE-specific configuration disables SGH for PUSCH
· FFS if disabling is across slots within one subframe, or across slots and subframes
· When the cell-specific SGH is enabled, the cell-specific configuration of SGH is overridden once UE-specific configuration is received.

· When the cell-specific SGH is disabled, it has priority over the UE-specific configuration

Even though it was not possible to reach agreement during RAN1#63 in Jacksonville, the following observation was reported in the minutes [2]:

1. Additional implementation/test cases if  we have UE-specific disabling of SGH within one subframe, but allow hopping across subframes

2. UE-specific disabling of SGH across both slots and subframes  does not require new implementation

3. If we cannot decide on either Alt1 or Alt2, we will likely have to rely on only the Rel-8 feature cell-specific SGH disabling.

In this contribution, we discuss the FFS issue in the above agreement and other relevant issues.
2 Discussion of the Agreement [1]
Support of MU-MIMO with unequal BW allocation requires separation of the DMRS of the two UEs by use of OCC, which is in turn effective only when both the coscheduled UEs employ the same base sequence for DMRS on both slots of a subframe. In Rel-8 Sequence/Group Hopping (SGH) is an optional cell-specific feature that enables pseudo-random cell-specific randomization of the base sequences for DMRS and PUCCH with slot granularity. Obviously, Rel-8 SGH is incompatible with MU-MIMO with unequal BW-allocation as supported by Rel-10, therefore different solutions to this problem have been discussed in RAN1.

The current main proposals for SGH could be described as:
a) SGH is disabled in case of UE-specific “SGH disabling” RRC signaling;

b) A new optional feature “Subframe-based SGH” is enabled when SGH is enabled and a UE-specific RRC signal “Subframe-based SGH enable” is triggered.
c) SGH is disabled in a cell-specific fashion (Rel-8).

It should be pointed out that, besides the optional SGH, slot-specific cyclic shift hopping (CSH) is always mandatory and provides basic protection against worst case inter-cell interference scenarios. Moreover, base-sequences planning might be considered for specific deployments.

Another observation is that neither of solution a), b) or c) is able of dynamic SGH disabling, i.e., disabling of SGH only when necessary and according to scheduling assignments. Therefore, it is likely that the eNB disables SGH only for those UEs with high probability of being coscheduled in MU-MIMO configuration with unequal BW allocation. Since MU-MIMO is not expected to provide meaningful gain for cell-edge UEs, inter-cell interference is not the limiting factor for the performance of these UEs.

Furthermore, sufficiently large BW allocations are necessary in order to leverage meaningful MU-MIMO gain, as observed in [3]. However, it was pointed out in [3] that for BW allocations as small as 3 RBs the orthogonality provided by CSH is comparable to that of slot-based SGH (that is in turn better than that of subframe-based SGH). The results in [3] might be too optimistic when analyzing the effectiveness of CSH, as multilayer transmission is not considered in the simulations. However, high-rank SU-MIMO transmission is also likely to happen in high SNR scenarios where inter-cell interference is not the primary impairment, thus relaxing the need for SGH in these settings. In other words, the scenarios where the new feature “Option b)” appears to have some performance advantage over “Option a)” (interference-limited system with small BW allocation in conjunction with unequal BW MU-MIMO or high-rank SU-MIMO) are very unlikely in deployed systems.

The lack of practical advantages of Option b) over Option a) comes nevertheless at the price of additional implementation and configuration complexity at both UE and eNB sides. On one hand Option b) implies the implementation of a new optional “subframe-based SGH” feature at both UE and eNB sides. On the other hand, Option b) does not relieve from the implementation of Rel-8/9 SGH and relative disabling functions and signaling procedures, as already supported by Rel-8/9. Furthermore, as already pointed out, Option b) leaves to eNB operators the embarrassing problem of managing an additional optional feature that unfortunately does not provide any gain.

On the contrary, the implementation cost associated to Option a) is virtually null, as higher-layer SGH enabling/disabling is already supported in Rel-8/9.

Option c) consists of keeping the Rel-8/9 solution, implying that MU-MIMO with unequal BW allocation may be only supported when SGH is disabled on a cell basis (i.e., in case of frequency planning). Such a solution appears as unnecessarily restrictive.

The different solutions are summarized in Table 1.

Table 1: Pros and Cons for options a), b) and c).

	
	Option a)
(both slot-based and subframe-based SGH are disabled in case of UE-specific SGH disabling signaling)
	Option b)
(only slot-based SGH is disabled in case of UE-specific SGH disabling signaling)
	Option c)
(cell-specific SGH disabling)

	PROS
	· Marginal impact on the specification

· Performance equivalent to Option b) for scheduled BW > 2RBs [2]
	· Better inter-cell interference suppression than Option a) for MU-MIMO and BW <= 2RBs (very unrealistic case)
	· Keep Rel-8/9 implementation

	CONS
	· Unable to capture scheduling dynamics

· Worse inter-cell interference suppression for scheduled BW <= 2RBs
	· Unable to capture scheduling dynamics

· Larger specification impact than Option a)

· A new UE feature needs to be implemented at both UE and eNB sides

· The new optional feature needs to be managed by the eNB even if the useful application cases are not understood

· Does not relieve from the implementation of SGH enabling/disabling as supported by Rel-8/9.
	· Unable to capture scheduling dynamics

· Does not support MU-MIMO with unequal BW allocation with SGH


Based on the above observations, the performance advantage associated to option b) does not appear to be tangible in a realistic system. On the contrary there is additional implementation complexity cost and standardization effort associated to option b). Since Option c) implies unnecessary scheduling restriction we suggest adopting Option a).

Observation:

· In case of UE-specific disabling of SGH by higher-layer signaling disable both slot and subframe-based SGH (option a) 
3 Summary

In this contribution we have discussed how to configure SGH for Rel-10 with respect to the FFS bullet in the agreement [1], taking into account performance, flexibility and complexity for SU/MU-MIMO. Based on these considerations, we propose the following:
· In case of UE-specific disabling of SGH by higher-layer signaling disable both slot and subframe-based SGH (option a)
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