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Discussion and Decision
1. Introduction
One of objectives in [1] in Release 14 is to “Evaluate and, if needed, specify enhancement on Uplink DMRS enhancement, to support (more than 2) orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation”. In RAN1#84bis meeting, proposals for UL DMRS enhancement were raised, with following conclusion in [2].

· Consider the following possible DMRS enhancements in the evaluation:

· IFDMA DMRS with a comb number of 2 and/or 4

· More DMRS symbols (with or without larger OCC), e.g.:

· IFDMA DMRS subcarriers with PUSCH REs, or 

· across 2-subframe pairing

· Enhancement of DMRS sequence generation, including DMRS transmitted in a wider BW than the associated PUSCH

· Frequency domain OCC

· Other solutions are not precluded 

· Companies are to state their Rel-13 baseline scheme. 

In this contribution, we have proposed some design for UL DMRS base sequences which are need for UL DMRS enhancement with IFDMA RFP 2. 
2. UL DMRS Sequences of New Lengths
In LTE release 14, 3GPP has agreed to enhancing uplink DMRS to support (more than 2) orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation. 
As we has discussed in [3], IFDMA with RFP 2 is preferred to separate MU-MIMO UE's DMRS in odd and even subcarriers. The advantage of IFDMA DMRS is that it can support orthogonal DMRS and sequence group hopping simultaneously. It is also backward compatible to pair legacy UE and R14 UE together with a certain restrictions. Required specification changes supporting IFDMA with RPF2 (in terms of DMRS sequence) is that the number of PUSCH PRB shall be the integral times of RPF if reusing legacy UL DMRS sequence design. Therefore for RFP=2, some new DMRS lengths are needed, for example DMRS lengths of 6*x where x>=1 and odd. 
2.1 Length-42, and Longer DMRS Sequence
Up to release 13, uplink DMRS with length over 24 in LTE is based on Zadoff–Chu (ZC) sequences. ZC sequences have the CAZAC property. If NZC is the sequence length, the number of ZC sequences with optimal cross-correlation (
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) is maximized and equals NZC– 1 when NZC is prime. If NZC is not a prime, the ZC sequence is cyclically extended to the target length. Therefore the shorter the sequence is, the number of available base sequence group is smaller. Legacy length-12, 24 and longer DMRS have 30 base groups, so it is reasonable to assume that new DMRS lengths longer than 12 shall also have 30 groups to minimize any specification and implementation changes. For length of 18 or 30, if cyclic extension of ZC sequence is to be used, there are at most 16 or 28 sequences, smaller than 30. For length of 42 and longer, cyclic extension of ZC sequence can be reused by choosing the largest prime number  less than new lengths.

Proposal 1: Existing cyclic extension of ZC sequence can be reused to generate new DMRS base sequences with lengths of 42 and longer by choosing the largest prime number 
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2.2 Length-30 DMRS Sequence
Due to inadequate ZC sequences, legacy length-12 and 24 DMRS are QPSK sequences determined by computer search with a low cross-correlation and low cubic matric. New length-30 sequences can be truncated from length-36 DMRS sequences or cyclic extended from length-24 DMRS sequences. However it was found that the former approach performs better. 

Legacy length-36 DMRS sequences are cyclic extension from ZC sequences with NZC=31. Therefore length-30 sequences can be obtained by truncating any element of length-31 ZC sequence. It was found that by truncating either 1st or 31st element of length-31 ZC sequence, a set of 30 base sequences have a lower maximal cross-correlation than legacy length-36 DMRS sequences and also the maximum CM value is lower than length-36 DMRS sequences.
	
	
	legacy length-12
	legacy length-24
	length-30 truncated
	legacy length-36

	Cross-correlation
	max
	0.6346
	0.4751
	0.217159
	0.2466

	
	mean
	0.2694
	0.1829
	0.180857
	0.184

	
	median
	0.2635
	0.1768
	0.17847
	0.1811

	cubic metric
	max
	1.8667
	1.9054
	3.207132
	4.0377

	
	min
	1.0007
	1.0704
	0.630416
	1.5394

	
	mean
	1.4805
	1.5671
	1.980165
	2.7357

	
	median
	1.5145
	1.5993
	1.812998
	2.6733


Note: Cross-correlation method 5 and cubic metric method 3 in [2] were used, with FFT size of 512
Proposal 2: Length-30 base sequences can be obtained from ZC sequences of length-31 by truncating either 1st or 31st element. 
2.3 Length-18 DMRS Sequence
As above mentioned, there are less than 30 groups of ZC sequence for length-18. If truncation is to be used for length-18 DMRS sequence, 6 elements have to be truncated from legacy length-24 DMRS, this will lead to very high cubic matric. Therefore, computer search is used here for length-18 DMRS base sequences with QPSK. 
A set of 30 length-18 QPSK DMRS base sequences are selected with the lowest maximal cubic metric and cross-correlation. Basic design philosophy for new base sequences of length 18 by computer searching is:

· The maximal cross-correlation of length-18 base sequences shall be less than that of existing length-24 base sequences.  
· The maximal cubic metric of length-18 base sequences shall be less than that of existing length-24 base sequences. 

	· Prioritize cubic metric for sequence selection  
　
	　
	legacy length-12
	new length-18
	legacy length-24

	Cross-correlation
	max
	0.6346
	0.555556
	0.4751

	
	mean
	0.2694
	0.259779
	0.1829

	
	median
	0.2635
	0.248452
	0.1768

	Cubic Metric
	max
	1.8667
	1.878552
	1.9054

	
	min
	1.0007
	1.373148
	1.0704

	
	mean
	1.4805
	1.732577
	1.5671

	
	median
	1.5145
	1.787626
	1.5993


Note: Cross-correlation method 5 and cubic metric method 3 in [2] were used, with FFT size of 512
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Proposal 3: Length-18 base sequences shown in above shall be adopted.

2.4 Length-6 DMRS Sequence
The limitation of IFDMA design is that it has posed some restrictions that the number of PUSCH PRB must be the integral times of Repetition Factor if reusing legacy UL DMRS sequence design. Otherwise new DMRS sequences shall be introduced. Considering IFDMA with RPF 2 is more preferred, one-PRB PUSCH allocation with IFDMA needs a length-6 DMRS design. In R13 NB-IoT WI, fourteen 6-tone pilot sequences were selected by computer search to have good cyclic cross-correlation properties and cubic metric. Therefore R13 NB-IoT length-6 DMRS design can be reused here for one-PRB PUSCH allocation. 
Proposal 4: R13 NB-IoT length-6 DMRS can be reused.
3. Conclusions
In this contribution, we present our view on new length of DMRS for IFDMA in UL MU-MIMO.
Proposal 1: Existing cyclic extension of ZC sequence can be reused to generate new DMRS base sequences with lengths of 42 and longer by choosing the largest prime number 
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 less than new lengths.

Proposal 2: Length-30 base sequences can be obtained from ZC sequences of length-31 by truncating either 1st or 31st element. 
Proposal 3: Length-18 base sequences shown in above shall be adopted.

Proposal 4: R13 NB-IoT length-6 DMRS can be reused.
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