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1 Introduction

In RAN1#51 meeting, slot-based Cyclic Shift and Orthogonal Cover re-mapping for PUCCH was agreed. Yet the exact re-mapping pattern has not been decided. In this contribution, the principle for slot-based CS/OC re-mapping is presented and some patterns are investigated.
2 Discussion
For the slot-based CS/OC hopping, the principle is to avoid UEs suffering strong interferences from a same UE in both slots to the best. As the staggered code allocation structure was agreed in RAN1#50 [1][2], we investigated the slot-based re-mapping based on an example cited from [2] with the channels numbered, as shown in Table 1. 
Table 1:
Code allocation for 18 ACK/NACK channelization for normal CP [2]
	Cyclic shift within a LB
	Block-wise spreading code for RS
	
	Block-wise spreading code for ACK/NACK data

	Index1
	Index 2
	f1
	f2
	f3
	
	c1 of Si
	c2 of Si
	c3 of Si

	0
	1
	CH1
	
	CH13
	
	CH1
	
	CH13

	1
	2
	
	CH7
	
	
	
	CH7
	

	2
	3
	CH2
	
	CH14
	
	CH2
	
	CH14

	3
	4
	
	CH8
	
	
	
	CH8
	

	4
	5
	CH3
	
	CH15
	
	CH3
	
	CH15

	5
	6
	
	CH9
	
	
	
	CH9
	

	6
	7
	CH4
	
	CH16
	
	CH4
	
	CH16

	7
	8
	
	CH10
	
	
	
	CH10
	

	8
	9
	CH5
	
	CH17
	
	CH5
	
	CH17

	9
	10
	
	CH11
	
	
	
	CH11
	

	10
	11
	CH6
	
	CH18
	
	CH6
	
	CH18

	11
	0
	
	CH12
	
	
	
	CH12
	


· f1 to f3 are picked up from 3 DFT sequences
· Si is one of the OC code sets in table 2

Table 2:
OC code sets [2]
	Set index
	c1
	c2
	c3

	#1
	( 1, 1, 1, 1)
	( 1,-1, 1,-1)
	( 1,-1,-1, 1)

	#2
	( 1, 1,-1,-1)
	( 1,-1,-1, 1)
	( 1,-1, 1,-1)

	#3
	( 1,-1,-1, 1)
	( 1, 1,-1,-1)
	( 1, 1, 1, 1)

	#4
	( 1,-1, 1,-1)
	( 1, 1, 1, 1)
	( 1, 1,-1,-1)


Because the block-wise spreading code and location is different for RS and ACK/NACK data, the principle for CS/OC re-mapping can be different for the two parts. 
For RS, the dominating intra-cell interferences for one UE come from:

· UEs assigned the same block-wise spreading code and 2 cyclic shifts off, especially 2 cyclic shifts previous (due to channel delay is not symmetrical);
· UEs assigned different block-wise spreading code but with the same cyclic shift;

· UEs assigned different block-wise spreading code and the adjacent cyclic shift, especially the one using the previous CS.

For example, for the UE using CH1, the dominating interferences come from the UEs using CH6 or CH2 (especially CH6), the UE using CH13, the UEs using CH12, or CH7 (especially CH12).
For ACK/NACK data, because it has not been decided whether the CS hopping per symbol is cell-specific or resource-specific, both situations should be considered.

For cell-specific CS hopping, the dominating intra-cell interference for UEs assigned different OC codes is somewhat different. 
· For UEs assigned OC code c1, because c1 can maintain good orthogonality with c2 (or c3), even for high speed scenarios, interference from UE assigned c2 (or c3) can be ignored. The most dominating interferences come from the UE assigned c1 and 2 cyclic shifts off (especially the previous one). For example, for UE use CH1, the dominating interferences come from the UEs using CH6 or CH2 (especially CH6). 

· For UEs assigned c2 (or c3) , the most dominating interferences come from the UEs assigned c3 (or c2) and using the adjacent cyclic shift (especially the previous one) then the UEs assigned the same OC code and 2 cyclic shifts off (especially the previous one). For example, for UE using CH7, the dominating interferences come from the UEs using CH13 or CH14 (especially CH13), and the UEs using CH12 or CH8.  
For resource-specific CS hopping proposed in [3], as the interference randomization achieved within slots and the UEs assigned c1 cannot keep good orthogonality with UEs assigned c2 for high speed scenarios, the dominating interferences come from more UEs in one slot but the interference from each dominating interferential UE is deduced. For example, for parameter N=6 [3], the dominating intra-cell interferences for one UE come from:
· UEs assigned different block-wise spreading code and the adjacent cyclic shift, especially the previous one (-1 CS index);

· UEs assigned different block-wise spreading code and 5 cyclic shift off, especially the one +5 CS index;

· UEs assigned the same block-wise spreading code and 2 cyclic shifts off, especially 2 cyclic shifts previous (-2 CS index).

For example, for UEs using CH1, the dominating interferences come from UEs using CH12 or CH7 (especially CH12), UEs using CH9 or CH10 (especially CH9), UEs using CH6 or CH2 (especially CH6); for UEs using CH7, the dominating interferences come from UEs using CH1 or CH2 (especially CH1), UEs using CH13 or CH14 (especially CH13), UEs using CH4 or CH5 (especially CH4), UEs using CH16 or CH17 (especially CH16), UEs using CH12 or CH8 (especially CH12).
In sum, the principle to avoid one UE suffering strong interferences from another UE in both slots is more stringent for resource-specific CS hopping.
According to the principle, some patterns for the slot-based CS/OC re-mapping are showed below:

Figure 1 shows an example of pattern 1 using Prime-Modulo method proposed in [4]. In this pattern, all 18 channels are interleaved by a formula 
[image: image1.wmf])
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[4]. An example illustrated in [4] is n = 2, shown as Table 3:

Table 3: interleaving /re-mapping function g(i,n) as parameter n=2. [4]
	i
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18

	g(i,n),n=2
	2
	4
	6
	8
	10
	12
	14
	16
	18
	1
	3
	5
	7
	9
	11
	13
	15
	17


It also can be illustrated as Figure 1:
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Figure 1:
slot level CS and OC re-mapping pattern 1: using Prime-Modulo method proposed in [4]
From Figure 1, even for cell-specific CS hopping, it can be seen that for UEs using CH7 (or CH8, or CH9, or CH16), dominating intra-cell interference comes from UE using CH13 (or CH14, or CH15, or CH9) in both slot. A feasible improvement is setting the parameter n=17. Then, this pattern can work well with cell-specific CS hopping, but still cannot be geared to resource-specific CS hopping (for ACK/NACK data). It is not good for RS, either.
Figure 2 shows an example of pattern 2(a). In this pattern, all 18 channels are also interleaved together. Compared to pattern 1, the interleaver is elaborately designed to be compatible with both cell-specific and resource-specific CS hopping. The interleaver is shown in Table 4.
Table 4: interleaving /re-mapping function g(i) 

	i
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18

	g(i)
	17
	9
	7
	11
	4
	6
	1
	14
	3
	13
	2
	15
	5
	12
	10
	8
	16
	18
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Figure 2:
An example of slot-based CS/OC hopping pattern 2(a)
From Figure 2, for cell-specific CS hopping, it can be seen this pattern follows the re-mapping principle completely. For resource-specific CS hopping, only a few UEs cannot strictly meet the principle. However, it is hard to strictly follow the re-mapping principle for randomization within the slot achieved by resource-specific CS hopping is quite effective. Pattern 2 shows a way to randomize the most dominating interference to the best. For RS, there are still some channel pairs (the 3 pairs highlighted) cannot strictly meet the requirement.
Figure 3 shows another example of pattern 2(b). The interleaver is shown in Table 5.

Table 5: interleaving /re-mapping function g(i) 

	i
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18

	g(i)
	13
	18
	9
	14
	11
	3
	15
	2
	17
	4
	13
	6
	7
	5
	12
	1
	8
	16
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Figure 3:
An example of slot-based CS/OC hopping pattern 2(b)
Similar to the example showed in Figure 2, this pattern completely follows the re-mapping principle for cell-specific CS hopping. And it can meet the requirement to the best for RS (only one pair cannot strictly meet the requirement). However, compared to the one showed in Figure 2, there are more channels cannot meet the requirement for resource-specific CS hopping.
Figure 4 shows an example of pattern 3. In this pattern, channels assigned different OC are interleaved separately, and then a swap of OC codes: c1-> c2, c2->c1 is performed. The re-mapping is shown in Table 6.

Table 6: interleaving /re-mapping function g(i) 

	i
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18

	g(i)
	9
	12
	10
	8
	11
	7
	1
	4
	2
	6
	3
	5
	14
	17
	15
	13
	16
	18
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Figure 4:
An example of slot-based CS/OC re-mapping pattern 3
From Figure 4, for cell-specific CS hopping, it can be seen this pattern follows the re-mapping principle completely. For resource-specific CS hopping, only a few UEs cannot strictly meet the principle. However, it is hardly to strictly follow the re-mapping principle for randomization within the slot achieved by resource-specific CS hopping is quite effective. Pattern 2 shows a way to randomize the most dominating interference to the best. For RS, there are still some channel pairs (the 3 pairs highlighted) cannot strictly meet the requirement.
As shown in Figure 4, by this pattern, the dominating interferences come from UEs assigned the same OC can be randomized through the interleaver. For cell-specific CS hopping, the dominating interferences coming from UEs assigned different OC can be randomization through the swapping of c1 and c2. For resource-specific CS hopping, because the dominating interferences come from more UEs, to satisfy the requirement to the best, the designing of interleavers for different OC codes cannot be independent. For example, UEs use CH7 should be designed to avoid suffering strong interferences from UEs using CH1, or CH13, or CH4, or CH16 in the 2nd slot. However, no matter how to design the interleaver, compared to the one showed in Figure 2, there are more channels cannot meet the requirement for resource-specific CS hopping. This pattern is hardly to meet the requirement for RS, either.
Sum up, all 4 patterns are suitable for cell-specific CS hopping, while pattern 2(a) is the best one for resource-specific CS hopping, and pattern 2(b) is the best one for RS.
3 Summary
In this contribution, the CS/OC re-mapping principle for the ACK/NACK signals transmitted on PUCCH is discussed and four slot-based CS/OC re-mapping patterns are investigated according to the principle. All four patterns are suitable for cell-specific CS hopping, while pattern 2(a) is the best one for resource-specific CS hopping, and pattern 2(b) is the best one for RS.
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