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Introduction
In RAN1#86, the following agreements were reached on UL DMRS [1]:
Agreement:
· Cyclic Shift of UL IFDMA DMRS Generation:
· If IFDMA is activated according to control signaling, 
· 
reference signal sequence on even subcarriers is 
· 
reference signal sequence on odd subcarriers is 



[bookmark: _GoBack]where  is the length of the reference signal sequence, where   and  .

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 signaling 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. 

In this contribution, we discuss the possibility of comb hopping for UL DMRS with IFDMA.
Inter-slot comb hopping
Inter-slot comb hopping
Inter-slot comb hopping has been proposed to randomize inter-cell UL DMRS interference by using two different comb values of IFDMA in two slots of a subframe.  However, with the new reference signal sequence definitions, OCC2 would be impacted if inter-slot comb hopping is supported. 

Table 1 shows an example where comb=0 is used in slot 0 and comb=1 in slot 1 of a subframe for two UEs who are also paired with OCC2 across the two slots.  In this case, OCC2 is applied as shown in Figure 1. In Table 1,  indicates the phase offset between two slots due to the inter-slot cyclic shift hopping as described by .  and  are the channels associated with UE1 and UE2, respectively. For simplicity, it is assumed the channels are constant across the two slots. 
It can be seen from Table 1 that OCC2 is impacted by the inter-slot comb hopping. With option 1 of receiving processing, typically used for OCC2 processing, the DMRS signals from the two UEs cannot be separated any more.  Since eNB has knowledge of the cyclic shifts of both UEs, option 2 of receiving processing may be used to separate the DMRS signals between the two UEs. However, the estimated channel for UE1 becomes .   Although  can be removed as well at the eNB receiver, the channel estimation accuracy would be severely degraded if  is close to zero unless  is configured. This is, however, not possible because OCC2 code assignment is implicitly linked to cyclic shift configuration. For two UEs configured with different OCC2 codes, the corresponding cyclic shifts will be different. 

[bookmark: _Ref464207793]Table 1: An example of impact of inter-slot comb hopping on OCC2 operation
	Subcarrier and Slot 
	DMRS sequence (UE1)
	DMRS sequence (UE2)

	Even subcarrier n=2k in slot 0 (Comb =0)
	
	

	Odd subcarrier n=2k+1 in slot 1 (Comb=1)
	
	

	Subcarrier and Slot
	OCC2

	
	W= [1 1]
	W= [1 -1]

	
	Composite signal at receiver

	Even subcarrier n=2k in slot 0 (Comb =0)
	

	Odd subcarrier n=2k+1 in slot 1 (Comb=1)
	

	Receiver processing: option 1

	
(The two terms associated with UE2 do not cancel each other)

	

(The two terms associated with UE1 do not cancel each other)

	Receiver processing: option 2

	

Where 


	

Where 


	Note:
1.  and  are the cyclic shifts configured for UE1 and UE2, respectively;

2.  and  are the channels associated UE1 and UE2, respectively;

3.  is the phase offset between slot 1 and slot 0 due to cyclic shift hopping;




Observation 1:  With inter-slot comb hopping, channel estimation performance can be degraded for UEs paired with OCC2. 
Proposal 1: 	Inter-slot comb hopping is not supported in eFD-MIMO.

[image: ]
[bookmark: _Ref464208695]Figure 1: An example of OCC2 with inter-slot comb hopping
Comb values for SPS and retransmissions
For retransmission and SPS, a PUSCH transmission may not always be associated with a DCI.   In this case, specification is needed on what comb value should be used.  
For PUSCH retransmission or SPS without an associated DCI, there could be four options:
· Option 1: use the same comb value as the initial transmission with a DCI
· Option 2: use a different comb value from the initial transmission
· Option 3: use a comb value that alternates between two transmissions
· Option 4: use a fixed comb value, e.g. comb=0
Option 1 would be a straightforward solution, particularly for retransmissions. Option 2 would provide some randomization between the initial and the first re-transmission, but it does not provide any further randomization after the first re-transmission.  Option 3 would provide the maximum randomization, but may suffer if eNB and UE are somehow out of sync.  Option 4 is also a straight forward solution, particularly for SPS, but does not provide any randomization.  
Observation 2: Option1 (i.e. using the same comb value as the initial transmission with a DCI) seems to be a straightforward solution for retransmission.
Observation 3:  Option 4 (i.e. using a fixed comb value, e.g. comb=0) seems to be a straightforward solution for SPS transmission.
Proposal 2:  	For normal HARQ retransmission, the same comb value as in the initial transmission with a DCI is used. For SPS transmission, the comb = 0 is used.
Inter-Subframe comb hopping
For PUSCH transmissions with associated DCIs, the comb offsets can always be dynamically allocated and signaled, thus there is no need for designing an inter-subframe comb hopping pattern. The only case where inter-subframe comb hopping might be useful is for SPS transmissions with a fixed comb offset. However, it is unclear how much system performance improvement can be achieved even in this case. 
Observation 4: The system performance benefits associated with inter-subframe comb hopping is unclear.
Proposal 3:  	Inter-subframe comb hopping needs further study. 

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:  With inter-slot comb hopping, channel estimation performance can be degraded for UEs paired with OCC2. 
Observation 2: Option1 (i.e. using the same comb value as the initial transmission with a DCI) seems to be a straightforward solution for retransmission.
Observation 3:  Option 4 (i.e. using a fixed comb value, e.g. comb=0) seems to be a straightforward solution for SPS transmission.
Observation 4: The system performance benefits associated with inter-subframe comb hopping is unclear.

Proposal 1: 	Inter-slot comb hopping is not supported in eFD-MIMO.
Proposal 2:  	For normal HARQ retransmission, the same comb value as in the initial transmission with a DCI is used. For SPS transmission, comb = 0 is used.
Proposal 3:  	Inter-subframe comb hopping needs further study.
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