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1 Introduction
It was agreed in RAN1 #60bis that the OCC is introduced for the potential benefit for UL SU-MIMO with higher rank and UL MU-MIMO using equal/un-equal bandwidth pairing. One of the main motivations of OCC is to provide the flexible UE pairing in MU-MIMO without being limited by the equal bandwidth pairing. However, it is identified that the OCC cannot guarantee the orthogonality among different bandwidth users if sequence hopping or group hopping in R8 is enabled. 
Therefore, an email discussion on how un-equal bandwidth pairing of MU-MIMO can be used with sequence/group hopping is carried out after RAN1 #60bis, where the following 15 companies participated:
Panasonic, CATT, Nokia, NSN, Samsung, Mitsubishi, Motorola, CATR, Potevio, Huawei, DOCOMO, LGE, Pantech, HTC, Qualcomm
2 Discussions and Summary
The detailed comments from each company are given below:
1.      Keep Rel-8 mechanism: (Note that sequence hopping/group hopping was introduced in R8 to guarantee the system performance with inter-cell interference randomization.)
       Which option is preferred:
        a) Disable the sequence/group hopping of all the UEs in the cell to support un-equal bandwidth pairing of Rel-10 UE with OCC.
        b) Other approaches?

	Panasonic
	Since disabling the sequence/group hopping would require a complicated cell planning, it would be beneficial to define new sequence/group hopping. However, there are only a few meetings to discuss them in Rel-10. Hence, our preference is option 1(a) for Rel-10.  

	CATT
	It is not justified to disable sequence/group hopping of all UEs in a cell just for few R10 MU-MIMO UEs with inequal BW. The performance loss due loss of inter-cell interference randomization becomes significant.

	NNSN
	Option a) is of course always possible and merely a network deployment choice

	Samsung
	Option (a) should be always possible

	Mitsubishi
	Keeping only the same mechanism as Rel-8 is not desirable. Switching off sequence/group hopping for all UEs would impact performance of Rel-8 UEs and keeping sequence/group hopping for all UEs would prevent from having Rel-10 MU-MIMO with unequal bandwidth.

	Motorola
	Rel-8/9 supports cell-specific disabling of sequence/group hopping for all the UEs in the cell. So, option a) is always possible

	CATR
	option a) is a little bit too aggressive for only supporting unequal bandwidth multi user pairing with the cost of performance loss due to inter cell interference.

	Potevio
	We prefer option b). Rel-8/9 already supports option a). If option a) is used to support few R10 MU-MIMO, for lack of inter-cell interference randomization the system performance loss is obvious

	Huawei
	Option a) is always possible as an implementation issue. However, since sequence hopping/group hopping is regarded as an important inter-cell interference randomization technique in Rel.8 to benefit the uplink transmission, disable the hopping may degrade the uplink transmission reliability, especially for PUCCH performance.
Thus this option is not always suggested.

	DOCOMO
	As everybody mentioned, Option 1(a) is always possible. And, MU-MIMO with equal bandwidth paring is also always possible.

	LGE
	We prefer to have option a. with careful sequence planning in order to keep Rel-8 hopping mechanism in Rel-10. But it should not preclude to consider a method in order to support MU-MIMO paring UEs with non-equal BW on sequence/group hopping.

	Pantech
	If there are no big performance impacts to disable the sequence-hopping/group-hopping, Option a) should be always possible.

	HTC
	Option (a) is possible but requires complicated sequence planning so that we don’t prefer option (a). Performance degradation due to Loss of inter-cell interference randomization should be justified first. We consider new sequence hopping /group hopping mechanism might be needed.  

	Qualcomm
	There could be a question 0,  which is to use a new mechanism or not.  As to Question 1, the Rel-8 mechanism is in any case available as many companies have pointed out.


Summary:

As an implementation configuration, Rel-8 could support un-equal bandwidth pairing of Rel-10 UE with OCC by disabling the sequence/group hopping of all the UEs in the cell. However, as indicated by many companies (8 out of 15 companies: Panasonic, CATT, Mitsubishi, CATR, Potevio, Huawei, LGE, HTC), this mechanism has some drawbacks, such as requiring a complicated cell/sequence planning or introducing UL performance degradation due to loss of inter-cell interference randomization.
2.      Introduce new mechanism
If new mechanism is to be introduced, which option is preferred:
   a)  Sequence/group hopping can be disabled/enabled for Rel-10 and beyond UEs independent of Rel-8/9 sequence/group hopping configuration;
   b)  Subframe level sequence/group hopping for Rel-10 and beyond UEs;
   c)  Other approaches?

	Panasonic
	Although our prime position for Rel-10 is option 1(a) above, if new sequence/group hopping is introduced in Rel-10, we prefer to use a simple sub-frame level sequence/group hopping by reusing Rel-8 hopping as much as possible. For example, Rel-8 slot level group hopping is reused and the sequence in second slot is overridden by the sequence in first slot as shown in R1-102877. 

In addition, we prefer to configure the subframe hopping by higher layers, not indicated by CS indication bits (3bits) in PDCCH, in order to allow a flexible PHICH resource assignment since 2 PHICHs are required for multiple codeword transmission as agreed in RAN1#60b.   

	CATT
	Subframe level sequence/group hopping may introduce additional standardization complexity. We think it is enough for OCC to disable/enable sequence/group hopping for R10 and beyond UEs only when sequence/group hopping is enabled by higher layer signaling. In case sequence/group hopping is disabled by higher layer signaling, R8 mechanism works perfectly. 

	NNSN
	We share the view of Panasonic to large extent. It is desirable to extend the OCC support with multi-BW MU-MIMO also for sequence and/or sequence group hopping but only if there is no drawback overwhelming the achieved benefits and no large standardization effort is required. We prefer higher layer configuration of slot/subframe level sequence / sequence group hopping. A sequence group defined by Rel-8 hopping pattern either for the first or the second slot can be used in the new hopping pattern for both slots of subframe . 

	Samsung
	There is no point for sub-frame level hopping. Using the CSI to indicate whether sequence hopping applies or not is also not possible as, without other contraints, all codepoints should be available for PHICH indexing (especially if no additional mechanisms are used for PHICH indexing in Rel-10 with CA, or for operation with extended CP).

	Mitsubishi
	We prefer introducing option 2a or 2b, i.e., Rel-10 UE-specific slot-based hopping disabling/enabling . Since using OCC between the layers of a same UE (OCC for SU-MIMO) also prevents from having MU-MIMO with unequal bandwidth, we propose to have two types of OCC/hopping configurations: one configuration optimised for SU-MIMO and MU-MIMO with equal bandwidth (both OCC for SU-MIMO and slot-based hopping enabled) and one configuration optimised for MU-MIMO with unequal bandwidth (both OCC for SU-MIMO and slot-based hopping disabled). This could be signalled semi-statically or taken into account in a 3-bit CS/OCC/hopping dynamic signalling.

	Motorola
	With MU-MIMO, OCC is primarily beneficial for pairing unequal allocation size UEs. Any new mechanism introduced should continue to support Rel-8/9 functionality of pairing same allocation BW UEs irrespective of release, i.e., pairing of Rel 8/9/10 UEs. If a new mechanism is introduced, we prefer UE-specific signalling (PDCCH or higher-layer RRC) to select slot-level or subframe-level sequence group/sequence hopping for Rel-10 UEs. Reuse/decimation of the Rel-8/9 hopping pattern can be used for the subframe-level hopping pattern. Implicit signalling by reserving some of the DM-RS CS field code points for subframe-level hopping is not desirable as the DM-RS CS field is also used for DL PHICH mapping and Rel-8/9 flexibility in PHICH mapping, power allocation/balancing should be retained without undue restrictions.

	CATR
	From our point of view, option a) is more preferred and option b) needs FFS.

	Potevio
	We prefer option a). Sequence/group hopping for R10 and beyond UEs can be disabled/enabled by higher layer UE specific signalling.

	Huawei
	Option a) and b) are recommended. Option b) is slightly preferred due to better ICI randomization effect. Since enable/disable the sequence hopping/group hopping configuration and detection are already implemented in the UE and eNB, option a) brings in trivial (maybe zero) complexity. Different from option a), option b) introduces a subframe-level sequence hopping/group hopping for the Rel.10 UEs, which may benefit the system with better ICI randomization effect than Option a). The hopping design in Rel.8 can be reused among subframes.

	DOCOMO
	We don’t have a strong opinion since we basically prefer option 1.  

	LGE
	If new sequence/group hopping mechanism is introduced in Rel-10 as a method in order to support MU-MIMO paring UEs with non-equal BW, it could be considered to adopt sub-frame level sequence/group hopping for Rel-10 UEs, which is indicated to UE-specific high layer signaling.

	Pantech
	Firstly, we have more preference for Option 2-a). However, if the new sequence-hopping/group-hopping have to be introduced in Rel-10, the subframe level hopping is slightly attractive to us. Furthermore, we prefer that the subframe level hopping is indicated by high layer signaling, not indicated by association with CS indication bits (3bits) in PDCCH.

	HTC
	As mentioned, we don’t prefer option (a) here as well and option (a) is possible anyway. With the need to unequal pair, We think option (b) should be additionally considered with  not much standardization impact by reusing Rel-8 design among subframes.

	Qualcomm
	We believe that introducing subframe level hopping could be considered. Although we agree with Samsung that taking away the from the addressable cyclic shift space for signaling is not desirable since it reduces the capability to avoid PHICH collisions.


Summary: 

· 5 companies prefer to use the Rel-8 mechanism, i.e,  Disable the sequence/group hopping of all the UEs in the cell to support un-equal bandwidth pairing of Rel-10 UE with OCC.
· Panasonic (first preference), Samsung(first preference), DOCOMO, LGE (first preference), Qualcomm (first preference)

· In order to improve the inter-cell interference randomization for MU-MIMO with different bandwidth pairing, 14 companies are OK to define a new mechanism for the Rel-10 and beyond UE if there is no big standardization effort. 
· Panasonic (second preference), CATT, Nokia, NSN, Samsung(second preference), Mitsubishi, Motorola, CATR, Potevio, Huawei, LGE (second preference), Pantech, HTC, Qualcomm (second preference) 
· If a new mechanism is defined, 
· 7 companies prefer, for certain rel-10 UE, to override and disable the SGH configured by the cell-specific rel-8/9 mechanism
· CATT, Samsung(second preference), Mitsubishi (first preference), CATR, Potevio, Huawei (second preference), Pantech (first preference),  
· 10 companies prefer, for certain rel-10 UE, to override the (slot level) SGH configured by the cell-specific rel-8/9 mechansim and to use subframe-level SGH (reusing the Rel-8/9 hopping pattern as much as possible). 
· Panasonic (second preference), Nokia, NSN, Mitsubishi (second preference), Motorola, Huawei (first preference), LGE (second preference), Pantech (second preference), HTC, Qualcomm (second preference) 
· Signaling for SGH mechanism
· UE-specific configuration is agreeable to all the companies.

· Higher layer signaling is preferred by 8 companies considering the flexible PHICH resource assignment
· Panasonic, CATT, Nokia, NSN, Mitsubishi, Motorola, LGE, Pantech
· PDCCH signaling is preferred by 2 companies considering the flexible UE scheduling

·  Mitsubishi, Motorola
· 6 companies do not provide their preference on higher layer or PDCCH signaling design 
· Samsung, CATR, Potevio, Huawei, HTC, Qualcomm
Based on the email discussion above, the moderator makes the following proposals:
Proposed decision:
· Rel-8/9 cell-specific enabling or disabling of SGH is available in Rel-10

· When SGH is enabled for a cell, the SGH may be overridden for an individual Rel-10 or beyond UE

· The following two options are considered for UE behavior when overridden:

· The SGH is disabled for that UE

· Subframe-level SGH is used, based on the Rel-8/9 pattern

Possible baseline:
· The override is sent by UE specific higher layer signaling

· Dynamic signaling can be compared to the baseline

· When overridden, subframe-level SGH is used where one slot of the rel-8/9 pattern is used for the subframe
· SGH disabling can be compared to the baseline





















































































































































































































































































































































































































































































































































