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1 Introduction
In 3GPP RAN1#86, the uplink DMRS enhancement for Full-Dimension MIMO (FD-MIMO) has been discussed with the following agreements [1]:

Agreement:

· Support orthogonal DMRS (more than 2) for MU-MIMO with partial overlapping BW allocation by

· IFDMA with at least RPF 2 
· FFS: RPF 4 

· FFS:  whether and how CS of DMRS generation shall be modified to improve backward compatibility for the pairing with legacy UE. 

· Additional power boosting shall be supported and applied to IFDMA DMRS depending on the value of RPF
· FFS:  x dB for RPF 2 and y dB for RPF 4
· IFDMA Sequence Design for RPF=2, 

· New lengths larger than 36 are supported. The corresponding DMRS sequences are generated by the legacy mechanism by extension of a Zadoff-Chu sequence. 

· FFS: whether new lengths of 6, 18, 30 are supported
In this contribution, we further discuss the remaining issues for uplink DMRS enhancement.

2 Discussion
IFDMA DMRS with RPF=4

It was agreed that IFDMA DMRS with RPF=2 will be supported in Rel-14 for uplink DMRS enhancement. One remaining issue is whether to support RPF=4. The motivation for RPF=4 is to support 8 users pairing with partially overlapping RB allocation. However, the drawback for RPF=4 is the smallest granularity of scheduled RB number shall be 4 if no new DMRS sequence is supported for IFDMA DMRS. In addition, it is noted that the RPF=4 is not supported for 4-port SRS transmission. Following the same principle, only maximum 2 layers can be configured for IFDMA DMRS with RPF=4. This will constraint the scheduling flexibility of eNB and SU-MIMO performance. Therefore, we prefer not to support IFDMA DMRS with RPF=4.
Proposal 1: IFDMA DMRS with RPF=4 will not be supported for LTE in Rel-14. 

IFDMA DMRS sequence design
For IFDMA DMRS, the sequence generation can reuse the SRS-like approach for which the length of the base sequence is equal to the number of REs in the assigned bandwidth divided by the RPF. It is noted that some new sequence length will appear for IFDMA DMRS with RPF=2, such as length 6, 18 and 30 corresponding to 1, 3 and 5 RB allocation. Currently, when the sequence length is less than 36, the DMRS base sequence is generated according to a pre-defined table. Only the length of 12 and 24 are supported in the table. Therefore, new DMRS sequence may need to be defined, e.g. by computer search. However, the major concern on the new sequence design is the required specification efforts. Although it is possible to use the 6-tone DMRS base sequence defined for NB-IoT in Rel-13 for IFDMA DMRS with RPF=2 and 1 RB, there was only 14 base sequence for 6-tone DMRS base sequence instead of 30 base sequence supported for other DMRS length. Another concern is the orthogonality and interference randomization between the new DMRS sequence and the legacy DMRS sequence in neighboring cells. On the other hand, the necessity for new DMRS sequence design can be alleviated by scheduling. For example, some RB allocations can be avoided for IFDMA DMRS. More specifically, the IFDMA DMRS with RPF=2 cannot be used if the number of assigned RBs is 1, 3 and 5. 
Proposal 2:  IFDMA DMRS with RPF=2 shall not be used for 1, 3 and 5 RB allocations for PUSCH.

IFDMA DMRS signaling design
For control signaling design for IFDMA DMRS, at least two things shall be considered. The first is whether to support dynamic indication of the type of DMRS, e.g., legacy SC-FDM or IFDMA. The second is how to signal the comb values if IFDMA DMRS is indicated. For the first one, we think dynamic indication of SC-FDM or IFDMA DMRS is necessary since the typical use case for IFDMA DMRS is MU-MIMO with partially overlapping RB allocation. Using IFDMA DMRS for SU-MIMO scenario may degrade performance due to poor channel estimation. Dynamic indication by L1 signaling is preferred since it provides sufficient flexibility for eNB to select the DMRS type in the current UL subframe based on SU/MU operation and RB assignment. To support dynamic indication, 1 additional bit shall be added to the UL-grant to indicate the DMRS type. It is also possible to be based on DCI format and search space. For example, DCI format 0 in common search space is associated with legacy SC-FDM DMRS for fallback operation. 
Proposal 3: Dynamic switch between legacy SC-FDM and IFDM DMRS per UL subframe shall be supported. 

For the indication of the comb value, it is preferred to use L1 signaling. One way is to add extra bits in DCI format, such as 1 bit for odd/even comb for RPF=2. Another is to reuse the existing 3-bit OCC/CS field but define a new joint coding table among OCC, CS and comb value. The new table can be fixed in the spec or configured by higher layer signaling. For table design, it shall be allowed to use different comb values for two slots in one subframe. The benefit for using different comb values for two slots is inter-cell interference randomization. 
Table 1 below shows one example for the new table design for joint indication of OCC, CS and comb values when different comb values are allowed for two slots. The usage of same or different comb values for two slots can be based on whether the OCC of layer 1 to 4 are same. For example, for each CSF in the set {000, 001, 010, 111}, the OCC of layer 1 and 2 are different from that of layer 3 and 4, different comb values [0 1] or [1 0] can be used for two slots. And for each CSF in the set {011, 100, 101, 110}, the OCC of layer 1 to 4 are the same, same comb values [0 0] or [1 1] can be used for two slots. According to the table, when using the CSF in the set {000, 001, 010, 111}, up to 4 UEs can be co-scheduled with up to 2-layers per UE and when using the CSF in the set {011, 100, 101, 110}4 UEs each with up to 4-layers can be co-scheduled. 
Proposal 4: In CS/OCC/Comb mapping table design, different combs values for two slots shall be supported.
Table 1: Example of mapping table for 3-bits OCC/CS/comb value with different comb values for two slots
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 Comb values for non-adaptive retransmission
For non-adaptive PUSCH retransmission, there is no associated UL grant. It shall be discussed whether IFDMA DMRS is used for retransmission if IFDMA DMRS is configured for the initial transmission and what comb values shall be used. A solution is to use the same comb values as that of initial transmission. But the issue is inter-cell interference randomization. Since if two UEs start UL transmission at the same time the DMRS will collide during retransmission if same comb values are used for retransmission. Two possible solutions can be considered for applying different comb values for non-adaptive retransmission. The first one is based on current_tx_number, e.g., assigning different comb values for odd and even current_tx_number, and the second is to allow inter-subframe comb hopping for which the pseudo-random hopping pattern is determined by both cell ID and subframe index. The first solution may not fully solve the comb collision issue especially when only RPF=2 is supported for IFDMA DMRS. Therefore, we prefer to the second option. If comb hopping is supported it shall be configured by higher layer signaling similar to CS hopping in the current specification.

Proposal 5: Inter-subframe comb hopping shall be supported for IFDMA DMRS to allow using different comb values for non-adaptive retransmission. 
Power boosting for IFDMA DMRS
For IFDMA DMRS, the effective DMRS density is reduced since some REs are muted and not used for DMRS. This would cause DMRS channel estimation performance loss. For RPF=2, the MSE may drop by 3dB compared to the legacy SC-FDM DMRS. In order to maintain same channel estimation performance additional power boosting shall be applied to DMRS based on configured comb number. This also ensures same total transmission power across DMRS and data symbols. Therefore, 3dB power boosting shall be applied to IFDAM DMRS with RPF=2 in addition to existing PUSCH power control.

Proposal 6: Additional 3dB power boosting is used for IFDMA DMRS with RPF=2 to achieve same total transmission power across DMRS and data symbols. 
3 Conclusions
In summary, we discuss potential enhancements for uplink DM-RS for supporting higher order MU-MIMO and required specification changes for supporting IFDMA UL DMRS. We have the following observations:
Proposal 1: IFDMA DMRS with RPF=4 will not be supported for LTE in Rel-14. 

Proposal 2:  IFDMA DMRS with RPF=2 shall not be used for 1, 3 and 5 RB allocations for PUSCH.

Proposal 3: Dynamic switch between legacy SC-FDM and IFDM DMRS per UL subframe shall be supported. 

Proposal 4: In CS/OCC/Comb mapping table design, different combs values for two slots shall be supported.

Proposal 5: Inter-subframe comb hopping shall be supported for IFDMA DMRS to allow using different comb values for non-adaptive retransmission. 
Proposal 6: Additional 3dB power boosting is used for IFDMA DMRS with RPF=2 to achieve same total transmission power across DMRS and data symbols. 
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