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Introduction
In RAN1#86, the following agreements were reached on UL DMRS [1]:
Agreement:
· 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 the cyclic shift aspect of UL DMRS with IFDMA and our views on the possibility of pairing a legacy UE with a new UE. The other FFS items are discussed in the companion papers  [4][5].
Cyclic shift aspects
Cyclic shifts in existing DMRS sequences for PUSCH


In current LTE, the PUSCH demodulation reference signal sequence  associated with layer  is defined by











where ; and ; represents the OCC2 across two slots; and  is the base sequence.   The cyclic shift  in a slot  is given by  with





where the values of  is configured by higher layers,  is a cell specific number generated pseudo-randomly in a slot by slot basis.  is given by the cyclic shift field in the uplink-related DCI format in Table 5.5.2.1.1-1 of TS36.211, which is copied below.


Table 5.5.2.1.1-1: Mapping of Cyclic Shift Field in uplink-related DCI format to  and 
	Cyclic Shift Field in 
uplink-related DCI format [3]
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	000
	0
	6
	3
	9
	

	

	

	


	001
	6
	0
	9
	3
	

	

	

	


	010
	3
	9
	6
	0
	

	

	

	


	011
	4
	10
	7
	1
	

	

	

	


	100
	2
	8
	5
	11
	

	

	

	


	101
	8
	2
	11
	5
	

	

	

	


	110
	10
	4
	1
	7
	

	

	

	


	111
	9
	3
	0
	6
	

	

	

	







As seen from the table,  is used to separate different layers in SU-MIMO and can be used to separate different MU-MIMO layers if the same bandwidth is scheduled.  OCC2 can be used to separate two UEs in MU-MIMO with different scheduling bandwidths. Figure 1 shows a time domain uplink channel impulse response associated with cyclic shift  of a DMRS sequence with both RPF=1 and RPF=2.  With RPF=1, i.e. without IFDMA, each cyclic shift value  is associated with a time period of 1/12th of a SC-OFDM symbol or about 5.56us.  So as long the channel delay spread plus timing offset is less than 5.56us, the channels associated with each of the twelve cyclic shifts can be correctly estimated.  

[image: ]
[bookmark: _Ref462937857]Figure 1: Time domain channel estimation window with different cyclic shifts for RPF=1 and RPF=2


[bookmark: _GoBack]With RPF=2, time domain alias appears within a SC-OFDM symbol period as shown in Figure 1(b) and only half of a symbol period is useful for channel estimation. With the same definition of cyclic shift, i.e. , the time separation between different cyclic shifts in this case is reduced by half, or about 2.78us.  With cyclic shift configurations given by Table 5.5.2.1.1-1, the minimum cyclic shift index separation between SU-MMIO layers is 3, i.e. about 16.67us for RPF=1 and 8.33us for RPF=2.  So for RPF=2, there is a smaller separation between layers but it is still large enough in general for correct channel estimation on different layers.  Therefore, up to four SU-MIMO layers can still be supported on each subcarrier set when RPF=2 is configured.
For MU-MIMO pairing between new UEs configured with RPF=2 and with different scheduling BWs, UEs may be separated by using different OCC2 and/or different sets of subcarriers.  Therefore, the existing cyclic shift indices (0 to 11) can still be used when IFDMA is configured for DMRS with RPF=2.
Observation 1:  
· The minimum separations between DMRS sequences with RPF=2 is reduced by half of that with RPF=1. However, the minimum  separation between different MIMO layers is still about 8.33us, which is still good for channel estimation on different layers
· For UEs with RPF=2 and with different scheduling BWs,  OCC2 and/or subcarrier set can be used for UE separation

Proposal  1:  The existing  cyclic shift definition and range can also be used for UL DMRA with IFDMA and RPF=2
Pairing UEs with RPF=2 and legacy UEs


For MU-MIMO pairing between a new UE with RPF=2 and a legacy UEs, only OCC2 could possibly be used to provide isolation between the two UEs. However, due to the cyclic shift hoping between slots with , there is a phase offset between the DMRS reference signals in two slots of a subframe. For OCC2 to work, the offsets need to be the same for the two UEs. The offsets are always the same for different UEs when the UEs have the same RPF configured. But when two UEs are configured with different RPF values, the offsets will be different on some subcarriers when the same reference signal sequence definition is used.  A solution was proposed in [3], but unfortunately it doesn’t solve the problem.







One possible solution is to redefine the reference signal sequence for RPF=2 as  for even numbered subcarriers and as  for odd numbered subcarriers.  This would make the phase offsets the same for UEs with RPF=2 and legacy UEs on each set of subcarriers. However, the effective range of  would be reduced because in this case =0 and  =6 would result in the same value for and thus . As a result, the cyclic shift entries of Table 5.5.2.1.1-1 need to be modified for RPF=2, otherwise, =0 and 6 would cause the same reference signal to be used for two MIMO layers, 
On the other hand, with dynamic switching between RPF=2 and RPF=1 as discussed in a companion paper [5],  the new UE can always be switched to use RPF=1 for pairing with a legacy UE. The only benefit of allowing pairing a new UE with RPF=2 and a legacy UE is that 2 new UEs, each on a different set of subcarriers, may be paired with a legacy UE.  But it is questionable how much system benefits this may bring.
Observation 2:  With dynamic indication of IFDMA and legacy configuration of UL DMRS, a new UE can always be switched to legacy DMRS for MU-MIMO pairing with a legacy UE in a subframe by subframe basis if such a pairing is needed. 
Proposal 2: 	No change of cyclic shift generation or DMRS reference signal sequence generation from the base sequences for UL DMRS with IFDMA
Cyclic shift for length 6 sequences
If the set of 14 sequences and the associated cyclic shifts  defined for NB-IOT are  reused for IFDMA and RPF=2,   a concern was raised in [2] about mismatch between the cyclic shifts  in Table 5.5.2.1.1-1 and the new cyclic shifts   As discussed in a companion paper [4] , instead of reusing the 14 base sequences of NB-IOT, it is better to use a new set of 30 base sequences in order to achieve similar inter-cell interference randomization as in the case of no IFDMA. With only 14 sequences, sequence collision between different cells will increase and thus inter-cell interference would be increased when compared to the case where 30 base sequences are available.
For cyclic shifts, there is no compelling reason to use , the same 12 shifts i.e.   may be used for DMRS with RPF=2. However, only 6 of them (e.g. {0,2,4,6,8,10}) will result in orthogonal DMRS sequences.   For rank=1 and rank=2 SU-MIMO transmission, the same cyclic shift configuration in Table 5.5.2.1.1-1 can be used to provide maximum separation between two layers.  In case of rank=3 and rank=4 transmission, there may not be enough layer separation if the same configuration of Table 5.5.2.1.1-1 is used. However, it is understood that IFDMA is mainly used for MU-MIMO transmission with different BWs. For rank=3 and rank=4 SU-MIMO transmission, the legacy DMRS can be used instead.  Therefore, we have the following observations:

Observation 3:  For length 6 DMRS sequences, the same cyclic shift definition  can be used but with reduced effective range. The cyclic shift configuration in Table 5.5.2.1.1-1 of 36.211 can still be used for rank1 and rank2 transmissions.  
Proposal 3: 	if length 6 sequences are supported for IFDMA, no change of cyclic shift definition and only rank=1,2 transmissions are supported.
Conclusions
In this contribution, we have discussed a number of cyclic shift related issues for UL DMRA with IFDMA. Based on the discussions, we have the following observations and proposals:

Observation 1:  
· The minimum separations between DMRS sequences with RPF=2 is reduced by half of that with RPF=1. However, the minimum  separation between different MIMO layers is still about 8.33us, which is still good for channel estimation on different layers
· For UEs with RPF=2 and with different scheduling BWs,  OCC2 and/or subcarrier set can be used for UE separation

Observation 2:  With dynamic indication of IFDMA and legacy configuration of UL DMRS, a new UE can always be switched to use legacy DMRS for MU-MIMO pairing with a legacy UE in a subframe by subframe basis if such a pairing is needed. 

Observation 3:  For length 6 DMRS sequences, the same cyclic shift definition  can be used but with reduced effective range. The cyclic shift configuration in Table 5.5.2.1.1-1 of 36.211 can still be used for rank1 and rank2 transmissions.  
Proposal  1:  	The existing  cyclic shift definition and range can also be used for UL DMRA with IFDMA and RPF=2
Proposal 2: 	No change of cyclic shift generation or DMRS reference signal sequence generation from the base sequences for UL DMRS with IFDMA
Proposal 3: 	If length 6 sequences are supported for IFDMA, no change of cyclic shift definition and only rank=1,2 transmissions are supported.
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