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1 Introduction
In 3GPP RAN1#85, uplink DMRS enhancement for Full-Dimension MIMO (FD-MIMO) has been discussed with the following agreements [1]:

Agreements:

· Specify enhancement on uplink DMRS to support (more than 2) orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation, i.e. one of IFDMA with OCC2 or new DMRS sequence design

In this contribution, we will present our views on the two potential enhancement schemes for uplink DMRS and discuss the required specification changes.

2 Discussion
DMRS sequence enhancement
As discussed in [2], there are two options for DMRS sequence enhancement to generate more orthogonal DMRS sequences for co-scheduled UEs with partially overlapping bandwidth allocation. The first one is to utilize one wideband pseudo-random sequence as the base sequence. The DMRS sequence is then determined by puncturing the wideband sequence according to the assigned bandwidth and the co-scheduled UEs are distinguished by different cyclic shifts and time domain OCC. The other is to split the DMRS sequence into overlapping part and non-overlapping parts. Then for the co-scheduled UEs with partially overlapping bandwidth allocation, the DMRS base sequence for the overlapping bandwidth can be the same. However, both methods would result in a PAPR increase compared to legacy DMRS sequence. Figure 1shows the CDF of PAPR comparison for different DMRS sequence generation. 1TX antenna and 10MHz system bandwidth are assumed. It can be seen that the PAPR for the sequence split method is highest among three schemes, around 1.7dB and 1dB higher than the legacy DMRS and the wideband sequence respectively. 
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Figure 1: PAPR comparison of enhanced DMRS sequence generation

Observation 1: DMRS sequence enhancement would increase the PAPR compared to legacy DMRS sequence generation. The PAPR for the sequence split method could be increased about 1.7dB.

Another issue with the sequence split method is the signaling design to indicate the overlapping and non-overlapping parts. One possible solution is to reuse the control signaling for indicating multi-cluster PUSCH assignment, however, there are several restrictions with this approach. Firstly, only two separate DMRS sequences on the overlapping and non-overlapping portions of the allocation can be supported. That is, the number of co-scheduled UEs with partially overlapping allocation shall be no more than 2. If there are more than 2 UEs that are partially overlapping, such as a wideband UE pairing with multiple narrow band UEs as shown in Figure 2, the wideband UE is required to split the DMRS sequence to three parts in order to achieve orthogonality. Secondly, reusing the control signaling for type 1 resource allocation may not support simultaneously multi-cluster PUSCH transmission and higher order MU-MIMO since the two DMRS sequences mapping may not be same as two clusters for PUSCH.
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Figure 2: Example of co-scheduling of a wideband UE with multiple narrow band UEs

Observation 2: The DMRS sequence split method requires more complex control signaling design. Reusing the control signaling for type 1 resource allocation has some restrictions.

Proposal 1: Consider IFDMA with OCC2 as UL DMRS enhancement.
IFDMA UL DMRS
If the IFDMA approach is adopted several issues need to be discussed and clarified. The first is the generation of the IFDMA DMRS sequence. There could be at least two possible solutions. One is to 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 comb number. The other is to puncture a longer base sequence with the length equal to the number of REs in the assigned bandwidth. The former is preferred but it is noted that there is a potential need to define new base sequence since the length of the base sequence may not be supported by the current specification, such as 9, 15, 18, 27 and 30 corresponding to RB assignment of 3, 5 or 9 with a comb number 2 or 4. Therefore, to avid new sequence design the IFDMA DMRS shall not be applied to RB assignment of 3 or 5 with comb number 2 or RB assignment of 3, 5 or 9 with comb number 4. Or more generally, the IFDMA DMRS cannot be used if the number of assigned RBs is odd. 
Proposal 2: The sequence design for IFDMA DMRS can be based on the existing SRS approach. 

Proposal 3: IFDMA DMRS is used for a limited RB assignment to avoid any new sequence design.
Another issue with IFDMA DMRS is control signaling design which may consist of two parts. One is the indication of the type of DMRS, e.g., legacy SC-FDM or IFDM. Another is the indication of the used comb value if IFDM DMRS is indicated. For the former one, the indication of the DMRS type can be either semi-static by RRC signaling or dynamic by L1 signaling.  Dynamic indication by L1 signaling is preferred since it provides sufficient flexibility for eNB to select the DMRS in the current UL subframe based on SU/MU operation and RB assignment. To support dynamic indication, at least 1 additional bit shall be added to the UL DCI format to indicate the DMRS type. It is also possible to be based on DCI format 0 and search space. For example, DCI format 0 in common search space is associated with legacy SC-FDM DMRS for fallback operation. For the indication of the comb value, it is preferred to have L1 signaling. One way to add extra bits in DCI format, such as 1 bit for odd/even comb for comb number 2 or 2 bits for comb number 2. Another is to reuse the existing 3-bit OCC/CS field but defining 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. Table 1 below shows one example for the new table design for joint indication of OCC, CS and comb values based on the 3-bits field in the DCI format. 
Table 1: Example of mapping table for 3-bits OCC/CS/comb value in DCI format
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Proposal 4: Dynamic switch between legacy SC-FDM and IFDM DMRS per UL subframe shall be supported. 
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 comb number 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. It is noted that in 36.213 the UL power control for PUSCH is based on the total assigned UL bandwidth not individual tone. According to this approach it also implies same total transmission power across DMRS and data symbols no matter whether SC-FDM or IFDMA DMRS is used or not.

Proposal 5: Additional power boosting based on configured comb number shall be applied to IFDM DMRS in order 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:
Observation 1: DMRS sequence enhancement would increase the PAPR compared to legacy DMRS sequence generation. The PAPR for the sequence split method could be increased about 1.7dB.

Observation 2: The DMRS sequence split method requires more complex control signaling design. Reusing the control signaling for type 1 resource allocation has some restrictions.

Based on we have the following proposal:

Proposal 1: Consider IFDMA with OCC2 as UL DMRS enhancement.

Proposal 2: The sequence design for IFDMA DMRS can be based on the existing SRS approach. 

Proposal 3: IFDMA DMRS is used for a limited RB assignment to avoid any new sequence design.
Proposal 4: Dynamic switch between legacy SC-FDM and IFDM DMRS per UL subframe shall be supported. 
Proposal 5: Additional power boosting based on configured comb number shall be applied to IFDM DMRS in order to achieve same total transmission power across DMRS and data symbols. 
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