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1.
Introduction
The following decisions regarding to cyclic shift (CS) hopping has been made so far in previous RAN1 meetings: 
· PUSCH DM RS utilizes slot-based CS hopping
· PUCCH utilizes symbol-based CS hopping
· CS hopping is always enabled
In the RAN1 #51bis meeting held in Seville, a working assumption to apply cell specific CS hopping in symbol-level was made. Furthermore, it was decided to apply CS/OC re-mapping between two slots. 
This contribution discusses details regarding to slot-based SC/OC re-mapping on PUCCH. Preferred CS/OC re-mapping properties are considered in Section 2. Detailed SC and OC re-mapping patterns with these properties are presented in Section 3 and Section 4, correspondingly. Performance comparison between our CS/OC re-mapping proposal and three other SC/OC re-mapping proposals contributed in RAN1 #51bis meeting [2, 7] is given in Section 5.
2.
Preferred properties for CS/OC re-mapping
The key criteria when developing the CS/OC –remapping pattern are as follows: 
· Compatibility with the staggered ACK/NACK channelization structure [3]: Randomization should take place within the staggered ACK/NACK resources (shown on Table 1).
· Scalability in terms of ACK/NACK resource size: the goal is to have a single CS/OC –remapping pattern regardless of the channelization parameters (shift and offset) and the number of supported ACK/NACK resources.
· CS/OC re-mapping should be compatible with mixed ACK/NACK and CQI channel, that is, when both ACK/NACK and CQI channels are allocated on the same PRB. [4]
· PUCCH CS hopping pattern should be compatible with DM RS CS hopping on PUSCH [5].
· CS/OC re-mapping should have efficient randomization properties. (See Section 5)
Table 1:
 Resource allocation for the case of 18 ACK/NACK channels with normal CP, shift=2 [3]
	Cell specific 

cyclic shift offset 
	RS orthogonal cover
	
	ACK/NACK orthogonal cover

	offset=1
	offset=0
	
[image: image1.wmf]oc

n

=0
	
[image: image2.wmf]oc

n

=1
	
[image: image3.wmf]oc

n

=2
	
	
[image: image4.wmf]oc

n

=0
	
[image: image5.wmf]oc

n

=1
	
[image: image6.wmf]oc

n

=2

	
[image: image7.wmf])

0

(

a

=1
	
[image: image8.wmf])

0

(

a

=0
	x
	
	x
	
	x
	
	x

	2
	1
	
	x
	
	
	
	x
	

	3
	2
	x
	
	x
	
	x
	
	x

	4
	3
	
	x
	
	
	
	x
	

	5
	4
	x
	
	x
	
	x
	
	x

	6
	5
	
	x
	
	
	
	x
	

	7
	6
	x
	
	x
	
	x
	
	x

	8
	7
	
	x
	
	
	
	x
	

	9
	8
	x
	
	x
	
	x
	
	x

	10
	9
	
	x
	
	
	
	x
	

	11
	10
	x
	
	x
	
	x
	
	x

	0
	11
	
	x
	
	
	
	x
	


There are two different principles for defining CS/OC re-mapping:

1. Randomization in terms of physical resources (i.e., cyclic shifts, 
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2. Randomization in terms of logical resources (i.e., ACK/NACK resources)

We note that the re-mapping operating directly on physical CS/OC resources has several significant merits: 

· It allows for simple scalability with respect to the PUCCH resource size. 
· The same simple scalability applies also for ACK/NACK / CQI mixed channel. 
· CS/OC re-mapping can be arranged so that separate mapping patterns are applied for cyclic shifts and orthogonal cover sequence indexes. Therefore, the same CS re-mapping pattern can be applied for both PUCCH and PUSCH DM RS, thus, simplifying the design.
On other hand, we see that randomization operating on logical resources does not easily yield to simple scalability and may instead result in complicated support for scalability. Therefore we propose CS/OC re-mapping with separate mapping patterns for orthogonal cover sequence indexes and cyclic shifts in Sections 3 and 4, correspondingly.
3.
Orthogonal Cover Sequence Hopping
ACK/NACK orthogonal cover sequence
The Walsh-code triplets used as ACK/NACK orthogonal cover sequence are shown in Table 2. Orthogonality between the OC sequences depends on the Doppler spread, and in all sequence sets, 
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=2 are the most sensitive for high Doppler. Therefore, the OC re-mapping we propose is simply that the orthogonal cover sequences of 
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=2 are just swapped between the first and the second slot. Table 3 shows the proposed OC re-mapping patterns. Although only 3 out of four Walsh-codes are in use, it may happen that the 4th Walsh-code will be used for certain purposes, e.g., for SR. We note that the proposed OC re-mapping pattern provides randomization also for the possible 4th cover sequence.
RS orthogonal cover sequence
We propose that in case of Normal CP, the OC re-mapping pattern given in Table 3 is applied also for RS orthogonal cover sequence.  We also propose that OC re-mapping is not applied for the RS orthogonal cover sequence in case of Extended CP.  The reason for that is that OC re-mapping would provide only negligible gain in interference randomization, since there are just two OC resources. 
Table 2: ACK/NACK orthogonal cover sequences sets

	Set index
	Orthogonal cover sequence
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Table 3. OC re-mapping
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4.
Cyclic shift re-mapping
Orthogonality between the cyclic shifts of the same base RS sequence varies a lot, depending on channel delay spread and, secondly, on timing differences between the UEs. Cyclic shift re-mapping between two slots is realized by means of pre-defined CS re-mapping pattern. The proposed pattern is simply described as follows
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where 
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equals to the allocated cyclic shift value for the first slot with values [0, 1, … 11] (not including the cell-specific hopping pattern), 
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 is the corresponding cyclic shift value for the 2nd slot and mod is a modulo operation (modulus after division).
Compatibility with mixed ACK/NACK and CQI allocation on the same PRB
ACK/NACK channelization for the case where ACK/NACK and CQI from different UEs are multiplexed within the same physical resource block (PRB) is discussed in [4]. The proposed cyclic shift re-mapping is compatible with the channelization structure presented in [4], and can be realized with a simple modification as follows
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where 
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 is the number of adjacent CS resources reserved for ACK/NACK channels. 
CS re-mapping pattern to be applied for CQI resource requires additional knowledge about the starting CS position, denoted as CSCQIi0. An exemplary CS re-mapping pattern for CQI is shown below:
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where 
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 is the number of CS resources allocated to CQI.

5.
Performance comparison
In this section, the proposed CS/OC re-mapping is compared to the CS/OC re-mapping schemes presented in [2], [7]. The hopping patterns 2a, 2b and 3 presented in [2] are referred to as Huawei 1, 2, and 3, respectively, in the sequel.  Bit error rate was simulated for 2-bit ACK/NACK in TU channel with 18 ACK/NACK channels as shown in Table 1. Results are shown in Figures 1 and 2 for 3 km/h and 360 km/h terminal velocities with and without power differences between terminals. In the case of power differences, terminals #9, #10, and #12 were received at 3 dB higher level than other UEs (BER for these is not included in the results).  In Figure 1, both average BER and BER for the worst ACK/NACK resource are shown. In Figure 2, BER is shown only for the worst ACK/NACK resource, average BER was not include for the clarity of figure. Simulation assumptions are tabulated on the Appendix.
As can be expected, there are no differences on the average performance between the schemes. Based on the results, the performance differences are insignificant also for the worst ACK/NACK resource at 3 km/h terminal velocity. At 360 km/h terminal velocity, some performance differences appear between the CS/OC re-mapping schemes for the worst ACK/NACK resource, but there were no differences on average BER between the schemes.  

Similar results can be seen also from the resource-specific S/I ratios shown in Figures 3 and 4. In the case of 3km/h velocity, S/I differences between ACK/NACK resources are marginal. However, in the case of 360 km/h, S/I ratio deteriorates especially for some of the ACK/NACK resources in the CS/OC re-mapping schemes presented in [2], [7] while the proposed re-mapping scheme provides relatively equal S/I for all ACK/NACK resources. 
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Figure 1 BER for 2-bit ACK/NACK with 18 UEs at 3 km/h velocity, with (a) and without (b) power difference. Average BER and BER for the worst resource are presented with solid and dashed line, respectively.  
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Figure 2 BER for 2-bit ACK/NACK with 18 UEs at 360 km/h velocity, with (a) and without (b) power difference. BER for the worst resource is presented with solid line.   
6.
Summary
In this contribution, we considered the PUCCH CS/OC re-mapping between slots. We noted that in addition to the randomization performance, CS/OC re-mapping should have also simple scalability in terms of ACK/NACK resource size and it should support also mixed allocation of ACK/NACK and CQI channels on the same PRB among other key properties.

We proposed also a CS/OC re-mapping operating separately on cyclic shifts and orthogonal cover sequences, thus, allowing for simple scalability of resource size and support for mixed ACK/NACK and CQI channels. The re-mapping scheme is defined with the OC re-mapping shown on Table 3 and CS re-mapping defined in Equation 1, represented below for the convenience. Performance of the proposed CS/OC re-mapping was compared to the other proposed re-mapping schemes. Performance differences were found to be small, although the proposed scheme provided the best performance.  
 We see the proposed CS/OC re-mapping as a preferable solution due to its scalability and compatibility properties as well as randomization performance. 
OC re-mapping
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Cyclic shift remapping:
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Figure 3 Average signal to interference ratio for ACK/NACK resources at 3 km/h terminal velocity without power differences between UEs.
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Figure 4 Average signal to interference ratio for ACK/NACK resources at 360 km/h terminal velocity without power differences between UEs.

Table 4 Link level simulation assumptions
	Parameter
	Value

	ACK/NACK bits 
	2

	Modulation 
	QPSK

	Channel model 
	TU

	System bandwidth 
	5 MHz 

	Power differences
	0 dB or 3 dB higher than others (UE#9, #10, #12)

	Number of RX antennas 
	2

	Number of UEs
	18

	Terminal velocities
	3 km/h  or 360 km/h








_1263646316.unknown

_1263651129.unknown

_1264229463.unknown

_1263650775.unknown

_1263645197.unknown

_1263646264.unknown

_1263646285.unknown

_1263029683.unknown

_1263645170.unknown

_1262957477.unknown

_1263028280.unknown

