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1 Introduction

In RAN1#87 meeting, the following conclusion on IFDMA DMRS was list [1].

Conclusion: 

· There is no consensus in supporting inter-slot hopping in Rel.14.

· Offline discussion on the need for supporting inter-subframe hopping in Rel.14, Continue discussion until RAN1#88.
Working assumption:
· Table 1 with an additional one bit in DCI format 0 and 4 to indicate one of the CSF mapping tables in UE specific search space

· FFS: Whether this is also applicable to SPS-RNTI

· Note: In common search space the legacy table will be used 

In this contribution, the inter-subframe comb hopping for IFDMA DMRS is discussed. 
2 Discussion
For comb hopping, the main motivation is inter-cell interference randomization. For legacy UL DMRS, the inter-cell interference can be randomized through different root Zadoff-Chu sequence and cyclic shift hopping. For IFDMA DMRS, comb hopping can be introduced to further randomize inter-cell interference in frequency domain. For inter-subframe comb hopping, it has no impact on channel estimation within one subframe. The subframe level comb hopping can be semi-statically configured for HARQ retransmissions and SPS transmission. Less standard efforts and implementation complexity are anticipated. 
Proposal 1: Inter-subframe comb hopping is supported for IFDMA DMRS in Rel-14.
The MU-MIMO transmission is transparent to UEs with SPS or dynamic scheduling. If IFDMA DMRS is also supported for SPS transmission, with more orthogonal DMRS ports, eNB can freely schedule MU-MIMO between SPS UEs, or between SPS UEs and dynamic scheduled UEs. To support IFDMA DMRS for SPS transmission, the new cyclic shift field (CSF) mapping table with an additional bit in DCI format 0 and 4 to indicate one of the CSF mapping tables in UE specific search space should be also applicable to SPS-RNTI. 
Proposal 2: The new CSF mapping table with an additional one bit in DCI format 0 and 4 to indicate one of the CSF mapping tables in UE specific search space should be also applicable to SPS-RNTI.
With IFDMA DMRS, eNB will have more flexibility to schedule MU transmission with and without equal RB allocation for SPS transmission. In Rel-13, a cyclic shift field of ‘000’ shall be assumed for SPS transmission. When SPS is enabled in MU transmission and comb hopping is supported, the CSF hopping for SPS transmission should be allowed in different subframes. The CSF of SPS transmission should be decided as follows.
· The initial CSF of SPS is indicated through Semi-Persistent Scheduling Activation PDCCH/EPDCCH or DCI for initial transmission
· The CSF of SPS transmission with no uplink-related DCI shall follow a predefined pattern
For the CSF hopping pattern design, two requirements should be considered.
· Cell specific hopping pattern is defined for inter cell interference randomization

· Orthogonality between DMRS should be maintained after CSF hopping in MU case
For inter cell interference randomization, the pseudo-random sequence 
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defined in clause 7.2 of 36.211 can be used for the CSF hopping pattern design. And 
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For orthogonality maintenance, there are two ways in maintaining DMRS orthogonality between any two UE’s SPS transmission paired for MU. 
· Case 1: Different comb before CSF hopping

· Case 2: Same comb but orthogonal OCC for 1~2 layers before CSF hopping
In order to maintain DMRS orthogonality after CSF hopping, it is observed that the hopping step should be integer multiple of 4. Figure 1 and 2 shows the two cases of CSF hopping. For case 1, the two CSF with different combs before hopping will still have different combs after hopping, if hopping step is integer multiple of 4. For case 2, the two CSF with orthogonal OCC for 1~2 layers before hopping will still have orthogonal OCC after hopping, if hopping step is integer multiple of 4. 
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Figure 1 CSF hopping case 1
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Figure 2 CSF hopping case 2
Proposal 3: For the UE’s SPS transmission paired for MU, the inter-subframe CSF hopping should maintain DMRS orthogonality between UEs. 
Proposal 4: The inter-subframe CSF hopping step should be integer multiple of 4.
The uplink DMRS orthogonality is achieved by OCC, cyclic shift or odd/even subcarriers. It is observed that, for the DMRS with the 3 or 4 layers, the DMRS orthogonality may not always be maintained by OCC before and after inter-subframe comb hopping. In the case of DMRS with 3 or 4 layers, the DMRS orthogonality can be maintained by different comb or cyclic shift before and after inter-subframe comb hopping. 

Considering the inter cell interference randomization and orthogonality maintenance, the CSF hopping pattern can be defined as following example. 
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where 
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 is the absolute subframe number, 
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is initial CSF indicated through SPS activation PDCCH/EPDCCH or DCI for initial transmission. 
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is the CSF in subframe 
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is defined in clause 7.2 of 36.211, and shall be initialized with 
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Proposal 5: The inter-subframe CSF hopping pattern is based on the pseudo-random sequence defined in 36.211.
3 Conclusion

In this contribution, the comb hopping for IFDMA DMRS is discussed. Considering the inter cell interference randomization and orthogonality maintenance, it is proposed: 
Proposal 1: Inter-subframe comb hopping is supported for IFDMA DMRS in Rel-14.
Proposal 2: The new CSF mapping table with an additional one bit in DCI format 0 and 4 to indicate one of the CSF mapping tables in UE specific search space should be also applicable to SPS-RNTI.

Proposal 3: For the UE’s SPS transmission paired for MU, the inter-subframe CSF hopping should maintain DMRS orthogonality between UEs. 
Proposal 4: The inter-subframe CSF hopping step should be integer multiple of 4.
Proposal 5: The inter-subframe CSF hopping pattern is based on the pseudo-random sequence defined in 36.211.
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