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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#86bis meeting, proposals for UL DMRS enhancement were raised, with following agreements in [2][3].
Agreements: 

· IFDMA details

· IFDMA DMRS with RPF=2 only will be supported in Rel-14

· Lengths of 6, 18 and 30 DMRS based sequences are supported for RPF=2 

· Length-30 base sequence is FFS until RAN1#87 (e.g. Table 6 in  R1-1609850)

· Length-18 base sequences design refer Table 3 in R1-1608928
· Length-6 base sequence design refer to Table 4 in R1-1609850
· Additional 3dB power boosting is used for IFDMA DMRS with RPF=2
FFS until RAN1#87:

· Comb hopping is supported including inter-slot hopping and inter-subframe hopping

· Inter-slot comb hopping is dynamically indicated by UL DCI. 

· FFS on details of signalling design.

· Inter-subframe comb hopping, applying to initial transmissions and retransmissions and SPS, can be semi-statically configured by RRC signalling

· Support of both inter-slot and inter-subframe comb hopping is not precluded 

· Companies are encouraged to bring system level simulations to RAN1#87 to show the gain of comb hopping. 

Conclusion:

CS/OCC/IFDMA Mapping Table:

· Down-select at RAN1#87 one solution from the two candidates on slides 6 & 7 in R1-1610591, or the table below Proposal 3 in R1-1608603,  for joint CS/OCC/IFDMA indication

· Note: if intra-subframe Comb hopping is supported, comb id or IFDMA configuration in the tables refers to comb id in slot #0 for two slots of a subframe. FFS comb id in the slot #1.  

In this contribution, we propose our view on length-30 base sequence, CS/OCC/IFDMA mapping table and comb hopping. System level simulation of inter-slot hopping is also provided. 
2. Length-30 UL DMRS Sequences
In LTE Rel-14, RAN1 has decided to adopt IFDMA with RPF 2 to support more than two orthogonal DMRS ports for MU-MIMO with partially overlapping BWs allocation. For odd number of PUSCH resource allocation, some new UL DMRS lengths are needed. In RAN1#86 meeting, new lengths larger than 36 were agreed to reuse the legacy mechanism by the extension of Zadoff-Chu sequences. In RAN1#86bis meeting, sequences of length-18 and 6 were agreed. Below we proposed a UL DMRS design of length-30. 
New length-30 sequences can be truncated from length-36 DMRS sequences, which are extension of length-31 ZC sequences. Length-30 sequences can be obtained by truncating any element of length-31 ZC sequences. It was found that by truncating either 1st or 31st element of length-31 ZC sequences, a set of 30 base sequences have a lower maximal cross-correlation than that of legacy length-24 DMRS sequences and also lower maximal CM value than that of length-36 DMRS sequences. 
A set of QPSK sequences by computer search was provided in Table 6 in [6]. The cross correlation and cubic metric properties of the computer-searched sequences and truncated sequences are shown below in Table 1, together with those of other new and legacy lengths.
	Table 1: Cross-correlation and cubic metric of legacy and new lengths of DMRS base sequences
　
	　
	new length-6
	legacy length-12
	new length-18
	legacy length-24
	Table 6 in  [6]
	new length-30 truncated
	legacy length-36

	Cross-correlation
	max
	1.0000 
	0.7926 
	0.6558 
	0.6709 
	0.5880 
	0.3570 
	0.2766 

	
	mean
	0.7321 
	0.5693 
	0.4957 
	0.4316 
	0.4024 
	0.2917 
	0.2555 

	
	median
	0.7119 
	0.5578 
	0.4886 
	0.4292 
	0.3938 
	0.2836 
	0.2509 

	Cubic Metric
	max
	1.5140 
	1.8667 
	1.8867 
	1.9054 
	0.9998 
	3.2071 
	4.0377 

	
	min
	1.1422 
	1.0007 
	1.6188 
	1.0704 
	0.6785 
	0.6304 
	1.5394 

	
	mean
	1.3264 
	1.4805 
	1.7925 
	1.5671 
	0.8719 
	1.9802 
	2.7357 

	
	median
	1.3511 
	1.5145 
	1.8113 
	1.5993 
	0.9109 
	1.8130 
	2.6733 


Note: Max(abs) of cross-correlation method 1 and cubic metric method 3 in [4] were used, with IFFT size of 128
Truncated length-30 sequences have lower cross-correlation than the proposed computer-search length-30, while the latter have lower cubic metric, much lower than any shorter sequences. Truncated length-30 sequences have moderate cross-correlation and cubic metric between those of length-24 and length-36. Additionally truncation allows easier implementation than new computer-searched sequences. Therefore it can be considered.
Proposal 1: Length-30 base sequences can be obtained from ZC sequences of length-31 by truncating either 1st or 31st element. 
3. CS/OCC/IFDMA Mapping Table
In LTE, eNB sends UL DMRS configuration information to UE by L1 control signalling. Table 5.5.2.1.1-1 of [5] defines mapping relationship between 3-bit control signalling and cyclic shift, OCC code. To add IFDMA configuration into this table, it was agreed in RAN1#86bis meeting to down-select from three candidates.
According to [7], if UE of MU-MIMO has multiple layers, its OCC code must be the same for all layers and CSF {000,001,010,111} can only support up to 2 layers per UE in case of MU-MIMO with unequal RB allocation. Based on this principle, Table 2 in Appendix was designed. But in our view, CSF {000,001,010,111} can be used for pairing UE with 4 layers. Orthogonality is kept for first two layers between two UE, and also the latter two layers between two UE. Therefore the underlying principle of Table 2 is questionable.
Table 3 in Appendix chose the cyclic shifts with the largest minimum separation for the first layer among CS of {0, 2, 3, 4, 6, 8, 9, 10} according to [8], but the choosing should be done for two OCC codes separately. For OCC [1 1], CS for the first layer are {0, 2, 4, 9}. The pair of {2, 9} has the largest separation and can be assigned as odd and even subcarriers, similarly for another pair of {0, 4}. In order to keep orthogonality of OCC codes, CS separation between different OCC on the same comb should be kept the largest, e.g. two OCC codes' first layer CS of {4, 10} are on the same comb and {2, 8} are on the same comb. The result is Table 4 in Appendix.
Proposal 2: Table 4 is adopted for joint CS/OCC/IFDMA indication.

For R14 UE switching between MU-MIMO with IFDMA and legacy MU-MIMO, Rel-14 UE may be configured with new CS/OCC/IFDMA mapping table and legacy CS/OCC table and switched dynamically. Generally a new DCI bit can be used to switch new and legacy UL DMRS configuration tables.
Proposal 3: A new DCI bit shall be used to switch UL DMRS configuration tables.
4. Comb hopping

4.1 Inter-subframe hopping
IFDMA DMRS is allocated on odd or even subcarriers. Dynamic switching DMRS comb across subframe boundary can better randomize multiple access interference on DMRS subcarriers. It was agreed that DMRS comb value is to be jointly coded with CS and OCC, and informed by the eNB via DCI message, which should determine the comb for the first transmission. For retransmission and subsequent transmissions of SPS, inter-subframe comb hopping can be enabled for IFDMA DMRS to randomize interference from the same user. To minimize signaling overhead, the UE in this case should choose a comb value according to a pre-defined hopping pattern for retransmissions and subsequent transmissions in SPS.
Proposal 4: The comb value of IFDMA DMRS for the first transmission is signaled by DCI, and the comb value for retransmissions and subsequent transmissions in SPS is implied by a known hopping pattern. 
A simple hopping pattern is a static pattern of alternating combs. With static comb hopping pattern, UE alternates different combs for subframes in SPS transmission and in retransmission. Pseudo-random hopping patterns [9], based on the cell ID and subframe index, can also be considered.
Proposal 5: Both static and pseudo-random hopping patterns can be considered.
4.2 Inter-slot hopping
In this section, we provide system level evaluation results to verify performance of the inter-slot comb hopping for IFDMA DMRS. The 3D-UMi channel model at 2GHz carrier frequency with mobile speed 3 km/hr is used for SLS with totally 21 sectors. Traffic modelling is FTP model 1 with different arrival rates. The size of FTP packet is 0.5 Mbytes. Proportional fair is used for UE pairing, assuming one layer per UE. IFDMA DMRS with RPF=2 is only used when more than two UEs are multiplexed in the same resource grid. Otherwise, legacy DMRS will be used where OCC provides orthogonal DMRS for two partially overlapped layers. In case of inter-slot comb hopping, 1st and 2nd time slot of a subframe use different combs for IFDMA DMRS. 
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Figure 1: Average, median, cell edge UE throughput of inter-slot comb hopping vs w/o inter-slot comb hopping
Figure 1 compares the file transfer throughput with and without inter-slot comb hopping in low or high load. In low loads, the eNB scheduler tends to multiplex one or two layers with legacy DMRS, and IFDMA DMRS is not likely to be used. Whilst as the network load increases with higher file arrival rate, more users are more likely to be co-scheduled and IFDMA DMRS is more likely to be used. We have seen the performance with and without inter-slot comb hopping stays the same even in high system load.
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Figure 2: Cumulative probability of channel estimate error (mean squared error normalized by the channel magnitude) in system simulations when the UE uses legacy DMRS (one layer or two layers with OCC) or IFDMA DMRS (four layers), assuming one layer per UE.
Figure 2 shows channel estimation accuracy when the UE is using legacy DMRS and IFDMA DMRS. The mean squared error (normalized by the channel magnitude) of an UE’s channel estimate is calculated in system simulations. The cumulative probability density function of channel estimate MSE is plotted for four cases: (1) legacy DMRS is used with no multi-user multiplexing; (2) legacy DMRS with OCC is used and two users are multiplexed; (3) IFDMA DMRS with OCC is used and four users are multiplexed, same comb across two slots; (4) IFDMA DMRS with OCC and four-user multiplexing, different combs are used in the two slots. Notice that IFDMA DMRS is required only if more than two users are multiplexed. If inter-slot IFDMA DMRS comb hopping is to be enabled, it is done in conjunction with OCC, and in that case the OCC cover applies to different comb of subcarriers. In Figure 2 case (3) and case (4) have the same distribution, indicating that when OCC is used, comb change across two slots of the same subframe neither improves nor degrades channel estimation accuracy.
Observation: No tangible gain is observed from inter-slot comb hopping.
Proposal 6: Inter-slot comb hopping is not considered.

5. Conclusions
In this contribution, we present our view on length-30 base sequence, CS/OCC/IFDMA mapping table and comb hopping.
Proposal 1: Length-30 base sequences can be obtained from ZC sequences of length-31 by truncating either 1st or 31st element. 
Proposal 2: Table 4 is adopted for joint CS/OCC/IFDMA indication.

Proposal 3: A new DCI bit shall be used to switch UL DMRS configuration tables.
Proposal 4: The comb value of IFDMA DMRS for the first transmission is signaled by DCI, and the comb value for retransmissions and subsequent transmissions in SPS is implied by a known hopping pattern. 
Proposal 5: Both static and pseudo-random hopping patterns can be considered.
Observation: No tangible gain is observed from inter-slot comb hopping. 
Proposal 6: Inter-slot comb hopping is not considered.

References

[1] RP-160623    New WID Proposal: Enhancements on Full-Dimension (FD) MIMO for LTE 
[2] R1-1610591

WF on UL DMRS
[3] Chairman’s notes RAN1#86bis

[4] R1-163437

WF on DMRS multi-tone evaluation methods
[5] 36.211


Physical channels and modulation
[6] R1-1609850

On new UL DMRS sequences of lengths 6, 18 and 30
[7] R1-1608603
   Downlink control signaling design to support IFDMA based DMRS

[8] R1-1609849

On RPF, Control Signaling, and Power Boosting for UL DMRS
[9] R1-1609969 
Remaining details on uplink DMRS enhancements for FD-MIMO

Appendix
Table 2: the table below Proposal 3 in R1-1608603
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Table 3: CSF candidate2 on slide 7 in R1-1610591
	Cyclic Shift Field in uplink-related DCI format [3]
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	OCC
	IFDMA configuration

	000
	0
	6
	3
	9
	[1 1]
	[1 1]
	[1 -1]
	[1 -1]
	No IFDMA

	001
	6
	0
	9
	3
	[1 -1]
	[1 -1]
	[1 1]
	[1 1]
	No IFDMA

	010
	3
	9
	6
	0
	[1 -1]
	[1 -1]
	[1 1]
	[1 1]
	No IFDMA

	011
	4
	10
	7
	1
	[1 1]
	[1 1]
	[1 1]
	[1 1]
	Odd subcarriers

	100
	2
	8
	5
	11
	[1 1]
	[1 1]
	[1 1]
	[1 1]
	Even subcarriers

	101
	8
	2
	11
	5
	[1 -1]
	[1 -1]
	[1 -1]
	[1 -1]
	Even subcarriers

	110
	10
	4
	1
	7
	[1 -1]
	[1 -1]
	[1 -1]
	[1 -1]
	Odd subcarriers

	111
	9
	3
	0
	6
	[1 1]
	[1 1]
	[1 -1]
	[1 -1]
	No IFDMA


Table 4: candidate on slide 6 in R1-1610591
	Cyclic Shift Field in uplink-related DCI format [3]
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	OCC
	IFDMA configuration

	000
	0
	6
	3
	9
	[1 1]
	[1 1]
	[1 -1]
	[1 -1]
	odd subcarriers

	001
	6
	0
	9
	3
	[1 -1]
	[1 -1]
	[1 1]
	[1 1]
	odd subcarriers

	010
	3
	9
	6
	0
	[1 -1]
	[1 -1]
	[1 1]
	[1 1]
	odd subcarriers

	011
	4
	10
	7
	1
	[1 1]
	[1 1]
	[1 1]
	[1 1]
	even subcarriers

	100
	2
	8
	5
	11
	[1 1]
	[1 1]
	[1 1]
	[1 1]
	even subcarriers

	101
	8
	2
	11
	5
	[1 -1]
	[1 -1]
	[1 -1]
	[1 -1]
	even subcarriers

	110
	10
	4
	1
	7
	[1 -1]
	[1 -1]
	[1 -1]
	[1 -1]
	even subcarriers

	111
	9
	3
	0
	6
	[1 1]
	[1 1]
	[1 -1]
	[1 -1]
	odd subcarriers
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