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1. Introduction
In RAN1#86, the following agreements have been reached regarding UL DMRS enhancements:
Agreements:

· 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 during this week which new IFDMA sequence lengths (if any) shall be supported and designed
· If any 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 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

Agreement:

· IFDMA Sequence Design for RFP=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 discuss UL DMRS enhancements for eFD-MIMO in Rel-14 based on these conclusions.
2. Discussion 
2.1 Signaling for IFDMA
There are two alternatives to indicate comb index of IFDMA:

Alt 1: Indicating comb index by independent signaling
Alt 2: Indicating cyclic shift/OCC/comb index jointly by 3bits or 4bits in uplink DCI

For Alt 1, PHICH resource collision could happen if the UEs configured with different comb shift but the same cyclic shifts and starting RB index. 

For Alt 2, signaling overhead can be kept the same as legacy UE if using current 3bits cyclic shift field in uplink DCI. One design case is given in Table 1 under the principle that using different comb index for adjacent CS values. For the Rel-14 UEs with the same OCC, different comb indices are utilized for adjacent CS. One example of the 4-bit indication is shown in Table 2. In Table 2, four new CS states are added, i.e., 1, 5, 7 and 11. The design principle is when the state of the CS state is even, the respective Comb index is 0, otherwise, the Comb index is 1. Following this principle, the adjacent CS indices use different Comb indices when OCC is not enabled. Therefore joint indication of CS/OCC/Comb can help to optimize the orthogonality of the DMRS sequences. 

Table 1 3-bit joint indication for CS/OCC/Comb

	Cyclic Shift Field in 

uplink-related DCI format [3]
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Table 2 4-bit joint indication for CS/OCC/Comb

	Cyclic Shift Field in 

uplink-related DCI format [3]
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Proposal 1: The scheme of indicating cyclic shift/OCC/comb index jointly in uplink DCI can be considered for IFDMA

2.2 Power boosting for IFDMA
If the RPF2 or RPF4 IFDMA is supported to enhance uplink DMRS, the total transmission power of DMRS symbols would suffer a 3dB or 6dB loss compared with the data power. One approach to fix this issue is UE perform power boosting when applying IFDMA. Based on the simulation results in [1], it can be found that IFDMA with power boosting can improve the MSE performance of DMRS channel estimation. Therefore, it is necessary to specify power boosting value for IFDMA. There are two alternatives to specify power boosting value. One is to specify pre-defined values associated with RPF value, e.g., power boosting 3dB for RPF 2, power boosting 6dB for RPF 4. The other approach is to be configured by network. Due to the fact that the first scheme is simpler with good performance, we prefer the scheme of power boosting value is predefined  
Proposal 2: The scheme of predefining power boosting value should be supported for IFDMA
2.3 New sequence design for length of 6, 18, 30
In last RAN 1 meeting, IFDMA of RPF=2 was agreed and new lengths larger than 36 are supported, which are generated by legacy mechanism by extension of a Zadoff-Chu sequence. Whether new sequences with length 6, 18 and 30 are supported is FFS. For length-6 sequence, R13 NB-IoT length-6 DMRS design can be reused. Length-30 sequences can be obtained by truncating either 1st or 31st element of length-31 ZC sequence [2]. For the length-18 sequence, computer-assisted search can be used to find several potential sequences. However, the searching results from different companies may be very different from each other. Hence the spec effort is very high. Moreover, if only length-18 sequence is not supported, the general performance loss is not large. Therefore we prefer to avoid length-18 sequence by scheduling.  
Proposal 3: New lengths of 6 and 30 are supported, and avoid new sequence design of length of 18 by limiting RB assignment
2.4 DMRS sequence collision between different RPF
DMRS sequence collision between different RPF values is mentioned in [3]. Since there is a cyclic shift between two different sequences as illustrated in [3], and the receiver of UL DMRS is eNodeB, which can use more accurate detector to distinguish these two different sequences. As a result, there is no sequence collision of IFDMA DMRS sequence between different cells.
Observation 1: There is no sequence collision of IFDMA DMRS sequence between different cells.

2.5 PHICH resource collision
The PHICH resource indication parameters 
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 is related to the CS field of uplink DMRS. The specific calculation is shown in the following equations.
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For the UL DMRS enhancement with IFDMA, when two UEs with different comb value share the same CS and initial RB index, there may be collision in their PHICH resource indications. Specifically, the following cases can be identified. 
Case 1:

The signaling of comb index of DMRS is independent of the cyclic shifts field. Then the collision happens when the eNB schedules multiple UEs.
Case 2:

When the comb index and cyclic shift/OCC is jointly indicated in the 3-bit table, the two UEs with different comb indices have different cyclic shifts. Then the PHICH collision problem doesn’t exist. However, if 4-bit table is employed, the mapping table between 
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 and the cyclic shift field in 36.213 should extend from 8 states to 16 states. As the value of parameter 
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 with the value from 0-15 would results in collision among the values of 
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. Similarly, the collision among the values of 
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can also appear. If the last 3 bits are employed to reuse the mapping table, scheduling restriction is required to avoid collision. Then the extra 1 bit compared with the 3 bit table is wasted. Hence to avoid collision of PHICH resource indication, we prefer to use the 3bit joint indication table.
Proposal 4:  To avoid collision of PHICH resource indication, 3-bit table is preferred to indicate CS/OCC/comb jointly.
3. Conclusion
In this contribution, we discuss the UL DMRS enhancements for Rel-14. From the above discussion, we have the following observation and proposals:
Observation 1: There is no sequence collision of IFDMA DMRS sequence between different cells.
Proposal 1: The scheme of indicating cyclic shift/OCC/comb index jointly in uplink DCI can be considered for IFDMA

Proposal 2: The scheme of predefining power boosting value can be considered for IFDMA

Proposal 3: New lengths of 6 and 30 are supported, avoid new sequence design of length of 18 by limiting RB assignment
Proposal 4:  To avoid collision of PHICH resource indication, 3-bit table is preferred to indicate CS/OCC/comb jointly.

Reference
[1] R1-166326
Discussion on UL DMRS enhancement for eFD-MIMO, ZTE Corporation, ZTE Microelectronics
[2] R1-167087
UL DMRS Base Sequences with IFDMA, Nokia, Alcatel-Lucent Shanghai Bell
[3] R1-167139
Uplink DMRS sequence enhancement for IFDMA, Huawei, HiSilicon
1
1

_1531230573.unknown

_1532340231.unknown

_1532340247.unknown

_1532340255.unknown

_1532340259.unknown

_1536685657.unknown

_1536685746.unknown

_1536685795.unknown

_1536685939.unknown

_1536685704.unknown

_1532340261.unknown

_1536684708.unknown

_1532340260.unknown

_1532340257.unknown

_1532340258.unknown

_1532340256.unknown

_1532340251.unknown

_1532340253.unknown

_1532340254.unknown

_1532340252.unknown

_1532340249.unknown

_1532340250.unknown

_1532340248.unknown

_1532340239.unknown

_1532340243.unknown

_1532340245.unknown

_1532340246.unknown

_1532340244.unknown

_1532340241.unknown

_1532340242.unknown

_1532340240.unknown

_1532340235.unknown

_1532340237.unknown

_1532340238.unknown

_1532340236.unknown

_1532340233.unknown

_1532340234.unknown

_1532340232.unknown

_1532340215.unknown

_1532340223.unknown

_1532340227.unknown

_1532340229.unknown

_1532340230.unknown

_1532340228.unknown

_1532340225.unknown

_1532340226.unknown

_1532340224.unknown

_1532340219.unknown

_1532340221.unknown

_1532340222.unknown

_1532340220.unknown

_1532340217.unknown

_1532340218.unknown

_1532340216.unknown

_1532340207.unknown

_1532340211.unknown

_1532340213.unknown

_1532340214.unknown

_1532340212.unknown

_1532340209.unknown

_1532340210.unknown

_1532340208.unknown

_1531230577.unknown

_1531230579.unknown

_1531230580.unknown

_1531230578.unknown

_1531230575.unknown

_1531230576.unknown

_1531230574.unknown

_1531230557.unknown

_1531230565.unknown

_1531230569.unknown

_1531230571.unknown

_1531230572.unknown

_1531230570.unknown

_1531230567.unknown

_1531230568.unknown

_1531230566.unknown

_1531230561.unknown

_1531230563.unknown

_1531230564.unknown

_1531230562.unknown

_1531230559.unknown

_1531230560.unknown

_1531230558.unknown

_1531230549.unknown

_1531230553.unknown

_1531230555.unknown

_1531230556.unknown

_1531230554.unknown

_1531230551.unknown

_1531230552.unknown

_1531230550.unknown

_1531230545.unknown

_1531230547.unknown

_1531230548.unknown

_1531230546.unknown

_1531230389.unknown

_1531230543.unknown

_1531230544.unknown

_1531230392.unknown

_1531230542.unknown

_1531230391.unknown

_1531230356.unknown

_1531230385.unknown

_1531230355.unknown

