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1. Introduction     

In current specification [1], slot-remapping is for intra-cell interference randomization in PUCCH. However, the CS (cyclic-shift)/OC (orthogonal-cover) assignment has a fixed pattern in the viewpoint of PUCCH subframes, which means the randomization method is fixed for each PUCCH subframe. Besides, the resource-indices/UEs multiplexed to a RB are identical for each PUCCH slot. Thus, a strong UE interferes the same group of UEs. These issues may constrain the interference randomization capability. In this contribution, we propose a method to release above constraints for further interference randomization. 
2. Details for the Proposed Method
The main idea of the proposed method is to involve the system time (e.g., accumulated slot-counter, etc.) as a variable to produce new and virtual resource indices for all UEs in each PUCCH subframe. With a virtual resource index, the corresponding UE could have a new OC/CS for each PUCCH slot. Furthermore, the corresponding RB location (denoted as m in [1]) could be changed from one RB to another RB for each PUCCH slot. Note that the two RBs should correspond to the same PUCCH formats. It is to say that we assign different OC/CS and change RB locations for each UE in every PUCCH slot. 
The proposed method shall satisfy following considerations:

(a) Since the RB location can be changed in PUCCH slots, proposed method shall preserve frequency diversity. If a UE’s RB location corresponds to an even-m (odd-m) RB in a PUCCH slot, then in the next PUCCH slot its location shall also be even (odd).
(b) Proposed method would not change RB locations between different PUCCH formats.  For example, if a UE’s RB location belongs to PUCCH format 1/1a/1b, then in the next slot the new RB location does also.
(c) Whether the mixed-format RB exists or not, proposed method can work.
2.1 Example
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Consider the case of PUCCH format 2/2a/2b with                                            , and assume a specific UE is with resource index
[image: image24.emf]0

|

11

12

|

23

24

|

35

36

|

47

m=0 m=1 m=2 m=3

m=4

m=5 m=6 m=7 m=8

48

|

59

60

|

71

72

|

83

84

|

95

96

|

107

108-

111

m=9

(2)(2)

/2

RB

contiPUCCHsc

nnmN







0

|

11

12

|

23

24

|

35

36

|

47

48

|

51

(2)(2)(2)

()mod()

  

newconticonti

nnTsizeofn



, CS=7, and m=1. The system time T=500 (unit in slot, calculated by frame, subframe, and slot information) is selected and assumed to be known for all PUCCH UEs. Fig. 1 illustrates how to derive virtual resource indices for PUCCH format 2/2a/2b.
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Fig. 1  
[image: image20.wmf](2)

new

n

 
Step-1: To derive the virtual resource index         for the UE, we evaluate 
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where 
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   is continuous and temporary resource index and T denotes the system time related variable. 
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Step-2: Following the procedure in [1], we use        to calculate             .  Then a new CS equals to 3 and a new RB location can be derived as

From above, we can see the UE (with m=1 and CS=7) is assigned to 
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 for the next PUCCH slot. This means that the set of UEs multiplexed to a RB can be changed with PUCCH slots. Therefore, we think the interference can be further randomized.  We can also apply the similar concept to the case of PUCCH format 1/1a/1b.
3. Merit of the Proposed Method
       In Section 9.2 of [2], it is mentioned that for the cases that DCI format indicates a downlink assignment, TPC command for PUCCH field shall be used as an index to one of the four PUCCH resource indices configured by higher layers, with the mapping defined in Table 9.2-2. 
Besides,  as mentioned in Section 10.1 of [2],  for a dynamically scheduled PDSCH transmission, the UE shall first transmit the corresponding ACK/NACK response once using PUCCH resource derived from the corresponding PDCCH CCE index (as described in section 10.1), and repeat the transmission of the corresponding ACK/NACK response NANRep-1 times always using PUCCH resource 
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is configured by higher layers.
For either case that mentioned above, higher layers configure multiple resource indices to a UE and  overhead is required to signal. We think that the concept of virtual resource index in the proposed method could be useful. A UE can use different virtual resource index depending on the system time for each PUCCH slot, and thus overhead signaling could be avoided.
4. Summary 
The proposed method could randomly change OC/CS and RB location for UEs in each PUCCH slot. Also, the set of UEs that multiplex to a RB can be randomly changed. Therefore, the proposed method can further randomize the interference, compared with the slot mapping method in [1]. Besides that, higher layers could avoid to signal multiple resource indices and save overhead, if the concept of virtual resource indices is adopted. With above observations, we suggest to use system time information to derive virtual resource indices.
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Mixed format RB
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