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1. Introduction

In RAN1 #50 and RAN1#51 meetings, it was agreed that PUSCH DM RS cyclic shift hopping per slot and PUCCH DM RS cyclic shift hopping per symbol are always enabled. It has been also decided that sequence hopping both between base sequence groups and within a sequence group can be disabled, thus, supporting sequence planning. This contribution is focusing on the practical arrangement for the shift hopping such as shift hopping patterns and signalling issues. This is a modified resubmission of R1-073644.
2. Handling of DM RSs of different lengths
DM RS length depends on the allocated bandwidth, which is a multiple of number of RUs, consisting of 12 frequency bins. We quantize the allowed cyclic shifts according to the RS length of the minimum bandwidth allocation. This means that we always have only 12 possible cyclic shift values, regardless of the RS bandwidth. The possible cyclic shift values (cyclic_shift_value) are, 0, 1, … and 11. The actual cyclic shift in symbols is calculated as follows (frequency domain generation of the cyclic shifts)
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	Equation 1.


We note that quantization of the cyclic shift space is clearly beneficial from the signalling point of view.  Another issue is that with large bandwidths, sequences which have smaller cyclic shift difference than 
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 calculated by Equation 1 will not have sufficient cross-correlation properties.
3. Randomization inside TTI on PUSCH
Cyclic shift hopping inside TTI is realized by means of pre-defined shift hopping pattern between two slots. The proposed hopping pattern shown in Figure 1 can be illustrated as 
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where “Cyclic_sft_slot1” equals to the allocated cyclic shift value for the first slot [0, 1, … 11], “Cyclic_sft_slot2” is the corresponding cyclic shift value for the 2nd slot and mod is a modulo operation (modulus after division).
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Figure 1. Cyclic shift hopping inside TTI.
Table1 shows the proposed shift-hopping principle in numerical format. The main criterion has been to maximize the cyclic shift separation with respect to the adjacent cyclic shifts. Another criterion has been to maximize the cyclic shift rotation between the 1st and the 2nd slot.

We note that orthogonality between different cyclic shifts of the same base ZC sequence varies a lot. The best orthogonality is achieved between the cyclic shifts which have the largest difference in cyclic shift domain (e.g., cyclic shift #0 and cyclic shift #6) whereas the worst orthgonality is between two adjacent cyclic shifts (e.g., cyclic shift #3 and cyclic shifts #2 and #4). There are some applications which will set some requirements for the cyclic shift allocation, e.g., Virtual MIMO in which cyclic shifts having the best orthogonalty should always be allocated to different MIMO transmit antennas. An important issue from the cyclic shift hopping point of view is that this property should be maintained in the shift hopping. We note that this is the case with the proposed shift-hopping principle. 
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Table 1. Proposed shift hopping table
It is possible to have an additional cell-specific rotation for the cyclic shifts of slot#2 with respect to the original hopping pattern (Equation 1). This would guarantee that the cyclic shift rotation between the first and the second slot is not constant in different cells. This improves inter-cell randomization especially in the case that sequence hopping is not used. The cell-specific rotation can be illustrated as 
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where “increment” is a cell-specific parameter [0, 1, … 11]. We note that one can support reuse pattern of 1/12 with the proposed randomization scheme.
4. Randomization inside TTI on PUCCH

On this section, symbol based hopping patterns for PUCCH intra-cell randomization introduced in [1] are presented. Two hopping patterns are considered. The first hopping pattern can be applied for SR as well as ACK/NACK with increased number of available SR or ACK/NACK resources. 12 SR or ACK/NACK resources are multiplexed by the CAZAC sequence cyclic shifts, and dominating interference may come from the adjacent cyclic shifts. 

On the second hopping pattern, 6 UEs are multiplexed on the cyclic shift domain of CAZAC sequence, and the UEs using the same block-wise spreading sequence are separated by 2 CAZAC sequence cyclic shifts in minimum. The second pattern applies for CQI transmission.

As said, the first pattern applies for SR or ACK/NACK with increased multiplexing capacity. Hence, a special focus is on the occurrence of cyclic shift pairs on adjacent cyclic shifts. A hopping pattern where this occurrence is minimized is shown on Table 2. The hopping pattern can be also written for frame structure of type 1 as
:
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where NZC=12 is the number of cyclic shifts,  lLB=0,1,…,6, is the LB index, and cindex =0,1,…,11 indicates the cyclic shift resource. 
Table 2 Cyclic shift patterns for intra-cell randomization when 12 UEs multiplexed with cyclic shifts
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Cyclic shift index: LB1 LB2 LB3 LB4 LB5 LB6 LB7

0 0 0 0 0 0 0 0

1 1 3 5 7 9 11 6

2 2 2 2 2 2 2 1

3 3 5 7 9 11 1 7

4 4 4 4 4 4 4 2

5 5 7 9 11 1 3 8

6 6 6 6 6 6 6 3

7 7 9 11 1 3 5 9

8 8 8 8 8 8 8 4

9 9 11 1 3 5 7 10

10 10 10 10 10 10 10 5

11 11 1 3 5 7 9 11


The second pattern applies for CQI transmission. When defining this hopping pattern, focus was on the occurrence of cyclic shift pairs 2 shifts apart. Secondly, it is noted that hopping pattern of length 5, corresponding to the number of information LBs on CQI, is sufficient. Such pattern where occurrence of the considered cyclic shift pairs is evenly distributed is shown on Table 3 (cyclic shift values are tabulated for cyclic shift and  mLB indexes). It is shown on Figure 2 how the columns on Table 3 are mapped to the LBs on the slot with index mLB. It should be noted from Figure 2 that the same columns of Table 3 are never repeated either during information LBs or during RS LBs. 

Table 3 Cyclic shift patterns for intra-cell randomization when 6 UEs multiplexed with cyclic shifts

[image: image9.emf]cyclic shift index

m

LB

 0 m

LB

 1 m

LB

 2 m

LB

 3 m

LB

 4

0 0 0 0 0 0

1 1 1 1 1 1

2 6 2 6 10 6

3 7 3 7 11 7

4 4 4 4 4 2

5 5 5 5 5 3

6 10 6 10 2 8

7 11 7 11 3 9

8 2 8 8 8 4

9 3 9 9 9 5

10 8 10 2 6 10

11 9 11 3 7 11


[image: image10.emf]m

LB

LB1 LB2 LB3 LB4 LB5 LB6 LB7

CQI 0 2 1 2 3 3 4

RS LB:

Information LB:


Figure 2 Mapping between LB index and column index mLB.

Hopping pattern on Table 3 can be also expressed by equations:
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where mLB=0,2,1,2,3,3,4 for lLB=0,1,…,6 as shown in Figure 2, and ci = 0,1,…,5 and a = 0,1 indicate the used cyclic shift resource.
5. Randomization outside TTI

Randomization outside TTI can be achieved by means of cell specific shift hopping pattern. Goal of the randomization is to provide uncorrelated “ZC-to-ZC” cross-correlation properties from TTI to TTI. 

Randomization pattern is generated according to the minimum DM reference signal length, which is 12 symbols. There are 12 hopping possibilities with 12 cyclic shifts. This means that frequency reuse pattern of 1/12 can be supported. 

Table 4 shows an example of the cell-specific cyclic shift hopping patterns. The hopping pattern is periodic and it’s length equals to the length of one radio frame (10 ms, 10 TTIs). The hopping pattern has been generated in such way that all the possible cyclic shift changes (i.e., 0,1, … 11) will take place when the TTI index changes. 
Table 4. Cell-specific shift hopping pattern

[image: image13]
6. Transmitted Cyclic Shift
The actual cyclic shift for the given slot is obtained as a combination of resource or cell specific cyclic shift combined with an outcome of shift hopping. The transmitted cyclic shift value for a certain slot can be illustrated as
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“Cyclic_sft” is the cyclic shift allocation inside TTI (taking into account Equation 2 and Equation 3) and “Cyclic_hop_inter” is the shift hopping pattern for inter-TTI randomization (Table 4). 
7. Signalling of DM RS information
We think that cyclic shift signalling cannot be made fully configurable by the network/Node B (on TTI basis). This is due to the fact that the signalling burden will become too heavy if the used cyclic shifts need to be signalled in every UL/DL allocation grant. 4-bit signalling word is required to signal the used DM RS cyclic shift (12 possible cyclic shifts) and fully configurable shift hopping inside TTI requires additional bits. We want to configure the DM RS –related information mainly using RRC signalling, with the exception of virtual MIMO support. In case of virtual MIMO, UE specific cyclic shift offset with respect to cell-specific cyclic shift allocation can be contained on UL scheduling grant. The RRC signalling would contain information on  
· Cell-specific ZC base sequence group related information
· Sequence hopping related information (cell-specific)
· Cyclic shift hopping related information (cell-specific )
· Cell-specific cyclic shift allocation 
8. Summary

This contribution presented a cyclic shift hopping principle applicable for PUSCH DM RS and PUCCH. Both intra-TTI and inter-TTI hopping were considered. We also discussed signalling issues related to cyclic shifts and DM RS in general. We noted that most of DM RS related signalling should be based on RRC signalling. 
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