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1 Introduction

In RAN1#85 meeting, the following on UL DMRS Enhancement was agreed [1].

Agreements:
· UL DMRS Enhancement

· 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, IFDMA with OCC2 and new DMRS sequence design are discussed, and IFDMA is proposed for UL DMRS enhancement. Specification impacts of IFDMA DMRS are also discussed. 
2 UL DMRS enhancement scheme
IFDMA DMRS with RPF=2 and/or 4
SRS is transmitted in comb like manner in frequency domain (IFDMA). The sounding bandwidth of different UE can overlap by IFDMA. In Rel-13, number of combs is increased to 4, such that for a specific sounding bandwidth, more SRS from UEs can be supported. Similarly for UL DMRS, IFDMA can also provide more orthogonal ports in frequency domain. Together with legacy OCC2, IFDMA DMRS can support more pairing users with unequal RB allocation. With RPF=2 or 4, 4 or 8 users can be paired for MU-MIMO with partially overlapping RB allocation respectively. In the scenario of heavy load, there may be huge uplink transmission demand from multiple UEs. MU-MIMO is an efficient way to fully use the frequency resource, especially in case of small uplink system bandwidth, e.g. 5MHz. The UL scheduling demand of multiple UEs in one subframe should be satisfied to improve throughput and reduce traffic latency. Thereby, the number of DMRS orthogonal ports need to be increased as much as possible to allow flexible scheduling for MU-MIMO with partially overlapping RB allocation.  Both RPF=2 and 4 should be specified for IFDMA DMRS. 
IFDMA DMRS will decrease the length of sequence for DMRS with the same scheduled RB number. If it is desired to reuse legacy DMRS sequences, the smallest granularity of scheduled RB number should be 2 and 4 for RPF = 2 and RPF =4 respectively. This will constrain the scheduling flexibility of eNB. Otherwise, DMRS sequence of new length need to be defined, e.g. searched by computer. Thereby, the major drawback for IFDMA DMRS is bandwidth limitation similar to SRS in the Rel. 8. Since the IFDMA DMRS is mainly used in MU-MIMO with partially overlapping RB allocation, this problem can be alleviated by scheduling. For example, some scheduled RB numbers can be avoided by scheduler for a MU-MIMO UE with partially overlapping RB allocation. On the other hand, considering the limitation of scheduled RB number for PUSCH, which should satisfy
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, the actual RB numbers which should be avoided are very few. 
Based on these analysis, RPF = 2 and RPF = 4 just like SRS’s comb scheme can be firstly considered for UL DMRS, as shown in figure 1. With this assumption, maximum 8 multiuser pairing can be supported with partial overlapped RB allocation.
Proposal 1: IFDMA DMRS should be specified for UL DMRS enhancement. 
· RPF = 2 and RPF = 4 are used for IFDMA DMRS.

[image: image2.emf]
Figure 1 RPF=2 and RPF=4 for UL DMRS

New DMRS sequence design
Currently only 2 UEs with partial overlapped RB allocation can be supported through OCC. If the orthogonality of DMRS sequence in overlapping part is maintained by cyclic shift, more than 2 orthogonal DMRS can be supported in the overlapping part. To achieve this, enhancement of DMRS sequence generation is needed. For a UE, DMRS sequences need to be independent in overlapping and non-overlapping part of allocated RBs. New DMRS sequence generation method need to be introduced, and more signaling overhead will be required to indicate the DMRS sequence generation, e.g. length and RB location, for non-overlapping and overlapping parts respectively. There are also impacts on the orthogonality and interference randomization between new DMRS sequence and legacy DMRS sequence in neighboring cell. CM is another concern with new DMRS sequence generation method. 

Another method to support more orthogonal DMRS ports is common bandwidth allocation for DMRS of paired UEs. The DMRS of paired UE can be orthogonal easily through cyclic shift or OCC. However, it will result in a wider bandwidth for DMRS than for the associated PUSCH of a paired UE. And additional signaling is required to indicate RB allocation for DMRS. Besides, unequal bandwidth for DMRS and PUSCH means different transmission power for DMRS symbol and PUSCH symbol if same power per RE of DMRS and PUSCH is assumed. If it is allowed that the power per RE of DMRS can be lower than that of PUSCH, the power ratio between them should be informed to UE.

Considering the impacts on CM, signaling overhead and complexity, the candidate of new DMRS sequence design is not preferred for UL DMRS enhancement.
Proposal 2: New DMRS sequence design is not preferred for UL DMRS enhancement. 
3 IFDMA DMRS design

In current specification, when sequence length is 12 or 24, DMRS sequence is defined based on a predefined table. When sequence length is 36 or larger, DMRS sequence is generated by the extension of a Zadoff-Chu sequence, as follows [2]. 
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 root Zadoff-Chu sequence is defined by
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The length 
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 of the Zadoff-Chu sequence is given by the largest prime number such that
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IFDMA DMRS will decrease the length of sequence for DMRS with same scheduled RB number. The length is changed with the number of scheduled RB. With IFDMA, some new sequence length will appear, such as length 18 with 3RB and RPF=2. The DMRS sequence of new length should be defined. The generation mechanism of legacy DMRS sequence can guarantee good CM and self-correlation performance. For the DMRS sequence of IFDMA, similar generation mechanism should be reused. 
· For the new length 
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larger than 36, IFDMA DMRS sequence can be generated by the extension of a Zadoff-Chu sequence with length
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 of the Zadoff-Chu sequence is also given by the largest prime number such that
[image: image13.wmf]RS

sc

RS

ZC

M

N

<

. 
· For the new length 
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less than 36, which could be 6, 18, 24 or 30, IFDMA DMRS sequence can be generated by legacy sequence of length 12 or 24 with puncture or repetition. The detail can be further studied. 
· For the legacy length
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, legacy DMRS sequence can be reused for IFDMA DMRS.
Proposal 3: 
· For the new length 
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 larger than 36, IFDMA DMRS sequence is generated by legacy mechanism for the case of length 36 or larger, which is the extension of a Zadoff-Chu sequence. 
· For the new length 
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less than 36, IFDMA DMRS sequence can be generated by legacy sequence of length 12 or 24. The detail is for further study. 

· For the legacy length
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, legacy DMRS sequence is reused for IFDMA DMRS.
The cyclic shift and OCC is indicated by Cyclic Shift Field (CSF) in uplink-related DCI format. The legacy mapping table is as below [2]. 
	Cyclic Shift Field in 

uplink-related DCI format
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For MU-MIMO, the paired UEs can be indicated with different CSF for the orthogonality between their DMRS. With the introduction of IFDMA, Comb of DMRS should also be indicated to UE. The introduction of IFDMA DMRS mainly aims at more orthogonal ports in case of MU-MIMO with unequal RB allocation. A new mapping table can be defined to indicate CS/OCC/Comb in case of MU-MIMO with unequal RB allocation. The new mapping table is only used by the UEs using IFDMA DMRS. 
In case of MU-MIMO with unequal RB allocation, only OCC can be used to separate DMRS of paired UEs. With OCC2, up to two UEs can be co-scheduled. The OCC of paired UEs should be different. For the MU-MIMO with unequal RB allocation, the following are observed from current CS/OCC table.
· 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. For the MU-MIMO with unequal RB allocation, if the number of layer is up to 2 per UE, 2 CSF with different OCC of layer 1 and 2 can be chosen from CSF {000,001,010,111}, e.g. {000,001}. However, if the number of layer is up to 4 per UE, CSF {000,001,010,111} cannot be chosen, since the same OCC appears between paired UEs. Thereby, CSF {000,001,010,111} can only support up to 2 layers per UE in case of MU-MIMO with unequal RB allocation.

· For each CSF in the set {011,100,101,110}, the OCC of layer 1 to 4 are the same. For the MU-MIMO with unequal RB allocation, if the number of layer is up to 2 per UE, 2 CSF can be chosen from all the CSF as long as they have different OCC for layer 1 and 2. If the number of layers is up to 4 per UE, 2 CSF with different OCC of layer 1 to 4 can only be chosen from CSF {011,100,101,110}. The candidates include {{011,101}, {011,110}, {100,101}, {100,110}}. Thereby, CSF {011,100,101,110} can support up to 4 layers per UE in case of MU-MIMO with unequal RB allocation.
Observation: In Rel-13, for the MU-MIMO with unequal RB allocation:

· If the number of layer is up to 4 per UE, the CSF of 2 paired UEs can only be chosen from CSF {011,100,101,110}.
· If the number of layer is not larger than 2 per UE, the CSF of 2 paired UEs can be chosen from all the CSF, as long as they have different OCC for layer 1 and 2.
Based on the above observation, for the new CS/OCC/Comb mapping table, in case of MU-MIMO with unequal RB allocation, OCC and Comb can be used together to separate DMRS of paired UEs. With OCC2 and RFP=2, up to 4 UEs can be co-scheduled. The OCC or Comb of paired UEs should be different for all the layers. To be simplified, the bit number of CSF for the new table remains 3. Consider the support of MU-MIMO with up to 2 and 4 layers respectively, the mapping of Comb to OCC can be defined based on the following principle.
· For CSF subset {011,100,101,110}, different Combs are mapped to the CSF with same OCC. That is, the Combs of {011} and {100} are different. The Combs of {101} and {110} are different. Thereby, 4 paired UEs with up to 4 layers per UE can be supported in case of MU-MIMO with unequal RB allocation.
· For CSF subset {000,001,010,111}, different Combs are mapped to the CSF with the same OCC. That is, the Combs of {000} and {111} are different and the Combs of {001} and {010} are different. Thereby, 4 paired UEs with up to 2 layers per UE can be supported in case of MU-MIMO with unequal RB allocation.
Within each of the two CSF subsets above, the OCC from layer 1 to 4 of CSFs may be the same or different. The CSFs with same OCC from layer 1 to 4 should be mapped to different combs. 

For IFDMA DMRS with RPF=4, similar principle can be followed for the new CS/OCC/Comb mapping table. 

Proposal 4: In CS/OCC/Comb mapping table design, different Combs are mapped to the CSFs with the same OCC from layer 1 to layer 4. 
One example of CS/OCC/Comb mapping table for RPF=2 is illustrated below, which satisfies the above principle. 
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With IFDMA in frequency domain, the available cyclic shifts are reduced. The CS field in the table may also be reduced, e.g. based on a reduction rule. The details can be further studied. 
4 Conclusion

In this contribution, IFDMA is proposed for UL DMRS enhancement. Specification impacts of IFDMA DMRS are also discussed. The following are observed and proposed:

Proposal 1: IFDMA DMRS should be specified for UL DMRS enhancement 
· RPF = 2 and RPF = 4 are used for IFDMA DMRS.
Proposal 2: New DMRS sequence design is not preferred for UL DMRS enhancement.

Proposal 3: 

· For the new length 
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 larger than 36, IFDMA DMRS sequence is generated by legacy mechanism for the case of length 36 or larger, which is the extension of a Zadoff-Chu sequence. 

· For the new length 
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less than 36, IFDMA DMRS sequence can be generated by legacy sequence of length 12 or 24. The detail is for further study. 

· For the legacy length
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, legacy DMRS sequence is reused for IFDMA DMRS.
Observation: In Rel-13, for the MU-MIMO with unequal RB allocation:

· If the number of layer is up to 4 per UE, the CSF of 2 paired UEs can only be chosen from CSF {011,100,101,110}.
· If the number of layer is not larger than 2 per UE, the CSF of 2 paired UEs can be chosen from all the CSF, as long as they have different OCC of layer 1 and 2.
Proposal 4: In CS/OCC/Comb mapping table design, different Combs are mapped to the CSFs with same OCC from layer 1 to layer 4. 
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