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1 Introduction
At RAN1 meeting # 63, a number of proposals for OCC (re)mapping and cyclic shift allocation for DM-RS were discussed [2]-[6]. The following was agreed [1]:
· Use OCC remapping across slots

· Working assumption to use Rel-8 remapping adapted to the format 3 SF

· Check until RAN1#63bis whether inter-cell interference presents a significant problem that requires a modification to the remapping. 

In this contribution, we discuss our view on the remaining design issues concerning PUCCH Format 3.
2 Discussion
2.1 OCC remapping
At RAN1 meeting #63, we agreed to enable OCC remapping across the two slots within a subframe to mitigate the impact of intra-cell interference for PUCCH Format 3. It was also mentioned that the inclusion of the Cell ID in the OCC mapping formula will result in noticeable SINR improvements in presence of colored inter-cell interference [5].

Therefore in this contribution we propose that the spreading sequence to be determined according to
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· Alternative 1:
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· Alternative 2:
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Note that Alternative 2 follows the same design principle as that of PUCCH Format 2 in Rel-8. One notable difference is the presence of the multiplication factor of 3. As indicated in [2], this factor maximizes the OCC separation between adjacent resources to 2 or 3. Examples of the two OCC remapping schemes based on Alternative 1 and Alternative 2 for 
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 are shown in Table 1 and Table 2, respectively. 
Table 1: OCC remapping according to Alternative 1 for five different cells
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	Even slot
	Odd slot
	Even slot
	Odd slot
	Even slot
	Odd slot
	Even slot
	Odd slot
	Even slot
	Odd slot

	0
	0
	1
	3
	2
	1
	3
	4
	4
	2

	1
	3
	2
	1
	3
	4
	4
	2
	0
	0

	2
	1
	3
	4
	4
	2
	0
	0
	1
	3

	3
	4
	4
	2
	0
	0
	1
	3
	2
	1

	4
	2
	0
	0
	1
	3
	2
	1
	3
	4


Table 2: OCC remapping according to Alternative 2 for five different cells
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	Even slot
	Odd slot
	Even slot
	Odd slot
	Even slot
	Odd slot
	Even slot
	Odd slot
	Even slot
	Odd slot

	0
	2
	1
	4
	2
	1
	3
	3
	4
	0

	1
	4
	2
	1
	3
	3
	4
	0
	0
	2

	2
	1
	3
	3
	4
	0
	0
	2
	1
	4

	3
	3
	4
	0
	0
	2
	1
	4
	2
	1

	4
	0
	0
	2
	1
	4
	2
	1
	3
	3


Note that both alternatives are equivalently effective in randomizing the intra-cell interference. In other words, for both schemes, the OCC separation between adjacent resources in the second slot is either 2 or 3. Another observation is that for a given PUCCH Format 3 resource, 
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, up to five cells could potentially assign different OCC to their respective UEs.
2.2 DM-RS cyclic shift allocation
It has been agreed that the demodulation reference symbols (DM RSs) associated with PUCCH Format 3 follow the same design principle as that of used for PUCCH Format 2.
Accordingly, the adopted cyclic-time shift hopping per data SC-FDMA symbol for PUCCH Format 3 can easily be extended to the DM-RSs to enable inter-cell interference randomization. Further interference randomization in conjunction with the cyclic-time shift hopping can be achieved by using the same sequence-group hopping pattern and sequence-group shift offset as in Rel-8 for PUCCH Format 3 DM RS. 
Besides, in Rel-8, in order to achieve intra-cell interference randomization for the PUCCH DM-RS, the cyclic time shift in the second slot is remapped. Therefore it is logical to maintain the same functionality in Rel-10 for PUCCH Format 3. It is worth noting that even though the symbol-wise cyclic time shift hopping effectively assigns different cyclic time shifts across the two slots of a given subframe, it doesn’t maximize the cyclic shift separation between adjacent resources in the second slot.

Therefore, the same slot-level cyclic shift hopping for the DM-RS as for PUCCH Format 2 is needed to mitigate the impact of intra-cell interference on PUCCH Format 3
Based on the above discussions we propose the following formulation for the cyclic shift 
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of the DM-RS signal for PUCCH Format 3:
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Where,
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with
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Note that almost all equations are identical to those used for PUCCH Format 2 except the one that defines 
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 for the even slots. Also note that based on the above formulation, the separation among the UEs multiplexed on the same RB can easily be increased by configuring a higher value for parameter 
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 as in Rel-8. The only difference with Rel-8 is that in Rel-8, by increasing
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, the number of UEs that can be multiplexed on the same RB will be scaled by the value of 
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, while for the case of PUCCH Format 3  only when  
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 is set to 3, the multiplexing capacity will be reduced by one. Otherwise, there is no impact on the user multiplexing capacity. 

An example of the above formulation for resource index assignment in a normal subframe is shown in Table 3. In this example, we assumed 
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 for all l , and 
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. As a reference we also included the DM-RS cyclic shift allocation for PUCCH Format 2 in Table 4.

As can be seen, Table 3 is a subset of Table 4, which in turn, indicates that both formats follow the same hopping pattern.
Table 3: DM-RS cyclic shift remapping for PUCCH Format 3
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	Even slot
	Odd slot
	Even slot
	Odd slot
	Even slot
	Odd slot

	0
	11
	0
	11
	0
	11

	1
	10
	2
	9
	3
	8

	2
	9
	4
	7
	6
	5

	3
	8
	6
	5
	9
	2

	4
	7
	8
	3
	
	


Table 4: DM-RS cyclic shift remapping for PUCCH Format 2
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	Even slot
	Odd slot
	Even slot
	Odd slot
	Even slot
	Odd slot

	0
	11
	0
	11
	0
	11

	1
	10
	2
	9
	3
	8

	2
	9
	4
	7
	6
	5

	3
	8
	6
	5
	9
	2

	4
	7
	8
	3
	
	

	5
	6
	10
	1
	
	

	6
	5
	
	
	
	

	7
	4
	
	
	
	

	8
	3
	
	
	
	

	9
	2
	
	
	
	

	10
	1
	
	
	
	

	11
	0
	
	
	
	


3 Conclusion

In this contribution, we discussed our views on the remaining design issues for PUCCH Format 3. The following is proposed:
Proposal 1:
The PUCCH F3 OCC (re)mapping formula is a function of the cell-ID.
Proposal 2:
The OCC separation between adjacent PUCCH F3 resources in the first timeslot should be maximized between these two resources in the second timeslot.
Proposal 3:
Symbol-level cyclic shift hopping for DM-RS to mitigate the impact of inter-cell interference is used for PUCCH F3.
Proposal 4:
Slot-level cyclic shift hopping for DM-RS to mitigate the impact of intra-cell interference is used for PUCCH F3.
Proposal 5:

R10 PUCCH F3 DM RS follow the same sequence-group hopping pattern and sequence-group shift offset as used in Rel-8 for the PUCCH F2 DM RS.
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