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1
Introduction
Both detailed definition of OCC/CS mapping table as well as UE-specific disabling of sequence group hopping, which is related to the use of OCC with MU-MIMO, were discussed in RAN1#62bis meeting [1]. Related to the OCC configuration, the OCC/CS mapping table proposed in [2] was agreed as working assumption. It was also agreed that OCC/CS mapping table definition could be revisited if there is consensus that  the PHICH collision issue is not relevant. It also remained for further study whether to allow switching between the OCC/CS table in [2] and a revised OCC/CS table that supports OCC switching between SU-MIMO layer 1 and layer 2. 
Related to the sequence group hopping (SGH), it was agreed that in addition to the cell-specific enabling/disabling of SGH, UE-specific on/off configuration of SGH for PUSCH is supported by higher-layer signaling for Rel’10 UEs. In more detail, it was agreed that 
· UE-specific configuration disables SGH for PUSCH.
· When cell-specific configuration enables SGH, the cell-specific configuration is overridden once UE-specific SGH configuration is received.

· When the cell-specific configuration disables SGH, it has priority over the UE-specific SGH configuration.
It remained for further study if SGH disabling is across slots within one subframe, or across both slots and subframes.
In this contribution, we present our concerns on the OCC/CS mapping table proposed in [2] as well as views on the remaining details of UE-specific SGH configuration.
2 OCC configuration
Numerous MU-MIMO configurations were considered during the design of CS/OCC mapping table. Nevertheless, one can expect that most of the Rel’10 terminals will still be UEs with single transmit antenna. Hence, it is important that OCC/CS mapping supports efficiently MU-MIMO with UEs having transmission rank 1. In the following, we inspect the OCC/CS table in [2] from this viewpoint. 
The OCC/CS table in [2] is presented also on Table 1. Related to MU-MIMO with rank-1 UEs, following notes are made:
· MU-MIMO with different PRB allocation for paired UEs.
When 2 UEs are paired, the DM RSs are separated by OCC in this case. When 3 UEs are paired, 2 DM RSs have the same OCC and need to be separated by CS.  However, by inspection of Table 1, one can see that the maximum CS separation between DM RS allocations with same OCC is either 4 or 5, thus, falling short from the optimum CS separation of 6. On other hand, CS separation of 5 complicates channel estimation as DM RS sequences cannot be orthogonalised in straigthforward manner with a simple channel estimation filter in frequency domain (as sequence lengths in general are not multiples of 5). Hence, CS/OCC mapping table in [2] is not well suited for MU-MIMO pairing of 3 or more UEs.
· MU-MIMO with same PRB allocation for paired UEs.
CS allocations maximising CS separation between the paired UEs can be used. This means CS separations of 6, 4, and 3 for 2, 3, and 4 paired UEs, respectively. When looking how OCC is utilized with these CS allocations, it is interesting to note that for 2 paired UEs, DM RSs are not only separated by 6 CSs but always also by OCC – although the benefits of this arrangement are questioned by multiple companies in the case of rank-2 SU-MIMO. When 4 UEs are paired with DM RS separation of 3 CSs (i.e. CS Field values 000, 001, 010, and 111 are allocated), some of the DM RSs with CS  separation of 3 are not separated by OCC (UE pairs with CS Field allocations of 000 & 111 and 001 & 010) while DM RSs with CS separation of 6 are separated also by OCC. Clearly, this is not optimal arrangement. During the discussions related to SU-MIMO DM RS, enhancing CS separation of 3 with OCC separation has widely seen beneficial. 
Table 1. Current working assumption for OCC/CS table.
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On other hand, these drawbacks can be solved with simple permutation of OCC rows in Table 1. For example, the OCC mapping for CS Fields 001 and 111 can be inter-changed. This is illustrated on Table 2. It can be noted that
· MU-MIMO with different PRB allocation for paired UEs.

When 3 UEs are paired with 2 DM RSs  having the same OCC, DM RSs with the same OCC can be separated by optimal 6 CSs, e.g., with CS Field allocations of {000, 001} or {010, 111}.
· MU-MIMO with same PRB allocation for paired UEs.

For 2 paired UEs, DM RSs separated by 6 CSs can still be separated also by OCC. When 3 or 4 UEs are paired, DM RS allocations e.g. with CS Fields {000, 001, 010} and {000, 001, 010, 111} can be used, respectively. With these allocations, DM RS with same OCC are separated by 6 CS  – instead of  4 or 3 CSs in Table 1 for 3 or 4 UEs, respectively. It should be noted that Table 2 supports the same CS/OCC allocations for MU-MIMO as CS Field 000 provides for a SU-MIMO UE. This is not the case in Table 1.

Table 2. Current working assumption for OCC/CS table.
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Yet another drawback in the OCC/CS table in [2] is that it does not support OCC separation between 1st and 2nd layer in case of SU-MIMO. We have shown in [3] that this is harmful to SU-MIMO performance, as it has negative impact on the practically achievable UL peak throughput. 
Proposal 1: The mapping of CSI to nOCC,0 is [1 1] for CSI={000,001,011,100} and [1 -1] for CSI={010,101,110,111} 
LTE Rel-8 PUCCH applies CS hopping and CS-remapping at the slot boundary. The goal of the remapping is to randomize the intra-cell interference between the occupied PUCCH resources. We note that CS randomisation between the spatial layers of single SU-MIMO UE could be applied as a way to improve DM RS orthogonality similarly as in PUCCH. Simply, the cyclic shift resources allocated to a single SU-MIMO UE could be permutated between the spatial layers at the slot boundary. It is noted that randomization is achieved also in the case when SU-MIMO rank=2 transmission is part of MU-MIMO with total rank over 2.

Proposal 2: Randomisation between cyclic shifts allocated to single UE to be applied as a way to improve the DM RS randomization between multiple spatial layers
3
Sequence group hopping configuration 

When UE-specific disabling of SGH was agreed in RAN1#62bis meeting [1], [4], the exact definition of SGH disabling was left for further study. Also two alternative definitions were presented: 
· Alt. 1: SGH is disabled across slots within one subframe
· Alt. 2: SGH is disabled across both slots and subframes. 
The obvious difference between these alternatives is that Alt. 1 allows for sequence group hopping between subframes whereas Alt. 2 does not. 
In the long run, Rel’8/Rel’9 UEs will be replaced with Rel’10 UEs in Rel’10 cells. It is also likely that SGH is disabled for all UEs having any potential for MU-MIMO pairing in cells where multi-bandwidth MU-MIMO is used. This scenario with Alt. 2 means that SGH is disabled for a large portion of UEs in a network deployed with assumption of sequence group hopping. We see this kind of contradictory situation undesirable. On other hand, reasonable sequence group hopping between subframes is maintained with Alt. 1. During the design of Rel’8, support for both SGH and sequence planning was seen important. We see that both options are still needed and, thus, the operation of SGH should not be degraded more than necessary. Thus, we propose that SGH disabling is defined according to Alt.1. 

Proposal 3: UE-specific SGH configuration disables SGH across slots within one subframe.

4
Summary 

In this contribution we have considered the CS/OCC mapping table presented in [2] as well as alternatives for the exact definition of SGH disabling. We make the following proposals: 

Proposal 1: The mapping of CSI to nOCC,0 is [1 1] for CSI={000,001,011,100} and [1 -1] for CSI={010,101,110,111}
Proposal 2:  Randomisation between cyclic shifts allocated to single UE to be applied as a way to improve the DM RS randomization between multiple spatial layers

Proposal 3: UE-specific SGH configuration disables SGH across slots within one subframe.
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