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1 Introduction

In the RAN1 #61 meeting, the detail of non-contiguous RA (resource allocation) was discussed, and the revision of the proposed WF [1] was agreed as following:


[image: image1]
In this contribution, we discuss the pros and cons for possible two options on the signalling of non-contiguous RA (i.e. (1) 2 clusters and (2) unlimited number of clusters), and recommend that option 2 should be supported in Rel-10. Furthermore, we describe our view how to handle the MPR (Maximum Power Reduction) issue by RAN 1 specification.
2 Discussion on signalling scheme
In the RAN1 #61 meeting, two signaling options for non-contiguous RA are discussed, and it was agreed that either of them is to be employed as a signalling mechanism for Rel-10 single Tx antenna. The pros and cons for these schemes can be summarized as following:
Option 1: Support of up to 2 clusters aligned with DCI format 0 [2], [3]
Pros:

· Less Overhead of RB assignment field in PDCCH
· Full dynamic switching (i.e. without configuration via Higher Layer signalling)

Cons:

· Less scheduling flexibility by larger cluster size

· Potential loss of gain by non-contiguous RA
Option 2: Support of unlimited number of clusters aligned with configured DL DCI formats [4]
Pros:

· Sufficient throughput gain can be achieved.
Cons:

· Support of additional signalling mechanism to distinguish DL format or UL format

· Must support an increased number of DL DCI formats with which to align (i.e. format 1B, 1D, 2, 2A) because DL transmission mode and that of UL are independently configured
· Overhead of RA can be large due to many padding bits depending on configured DL transmission mode (i.e. DL transmission mode 4)
Some contributions have shown that the significant gain can be achieved with more than 2 clusters [5], [6], [7]. In contrast, some contributions claim that the signalling simplicity should be prioritized, at the expense of throughput loss. In our view, it is no doubt that option 2 should be supported if there is no constraint on DL signalling. Therefore, the above cons should be considered carefully whether they are really harm the system design,
Regarding the first con of Option 2 above, it wouldn’t be so harmful to embed additional 1 bit for Resource Allocation header of DL DCI formats 1B, 1D, 2 and 2A because they aren’t assigned on common search space. In addition, the RRC switching is also possible to distinguish. Therefore, this con will never be a serious problem. 
Regarding the second con, it will never prolong the discussion because only zero-padding will be specified and other efforts are not necessary despite of a lot of combinations with DL transmission mode. Therefore, this con is not appropriate for the reason to choose Option 1.
Regarding the third con, this means that additional ~15 padding bits are required for UL grant with non-contiguous RA. This redundant information will cause the increased number of CCEs, resulting in the less scheduling flexibility. This would be harmful when the number of co-scheduled UEs is large. However in this case, the gain by non-contiguous RA would also be decreased due to multi-user diversity. Therefore, this con isn’t an essential issue, neither.
According to our assessment, the complexity brought by unlimited number of clusters seems to be acceptable, and the signalling schemes which significantly reduce potential gain is not desirable. Therefore, we propose: 
· The number of clusters not limited by the signalling with UL DCI format aligned with configured DL DCI formats

3 MPR handling

RAN 1 has received an LS from RAN 4 [8] describing the issue on MPR in the case of multi-carrier UL transmission. RAN 1 discusses the performance considering MPR, however, exact scheme to reduce MPR (or to reduce the tasks in RAN 4) has not been discussed yet. For example, one possible solution is discussed in [9] how to suppress the spurious emission by the power control approach. On the other hand, [10] discusses another approach to reduce RAN 4 effort to check the MPR value. 
In our view, it would be necessary for RAN 1 to specify something to relax the RAN 4 tasks taking the tight schedule into account. Therefore, we propose
· RAN 1 should start the discussion how to specify for MPR issue to reduce the effort in RAN 4 

· Exact mechanism is FFS

4 Conclusions

In this contribution, we discussed the two options for signaling scheme for multi-cluster PUSCH transmission. We propose the following should be agreed for further study:
· Number of clusters not limited by the signalling with UL DCI format aligned with configured DL DCI formats
· RAN 1 should start the discussion how to specify for MPR issue to reduce the effort in RAN 4 

· Exact mechanism is FFS
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For single Tx antenna


Select one from the following two options at RAN1#61bis


2 clusters (with UL DCI format aligned with DCI format 0)


Number of clusters not limited by the signalling (with UL DCI format aligned with configured DL DCI formats)


Size of each cluster is one of the following: 


N x 1RB, N x 2RBs, N x 3RBs, N x 4RBs or N x 5RBs (N is an integer) 


Above number of values may be further reduced


All clusters within one PUSCH transmission have the same resource granularity


For SU-MIMO


FFS
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