Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 Meeting #50












R1-073643
Athens, Greece, August 20 – 24, 2007

Source: Nokia Siemens Networks, Nokia
Title: Symbol based cyclic shift hopping
Agenda item: 7.2.2 Uplink reference signals
Document for: Discussion and decision
1. Introduction
In 3GPP RAN1 Meeting #49bis in Orlando, cyclic shift hopping per symbol, discussed e.g. in [4], was agreed on PUCCH [1]. To further the finalization of PUCCH design, remaining open issues on PUCCH cyclic shift hopping are discussed on this contribution. Interference randomization within and between cells is considered on Section 2. Structure of symbol based hopping is presented on Section 3 with examples of hopping patterns. Randomization outside slots is addressed on Section 4 and contribution is summarized in Section 5.

2. Interference randomization with symbol based shift hopping
One of the main remaining issues on PUCCH cyclic shift hopping is whether hopping pattern is cell, UE, or resource specific. This is directly connected to the type of interference that is randomized with the hopping.  It is clear that all of these hopping options provide randomization against inter-cell interference.
When hopping pattern is UE or resource specific, cyclic shift hopping per symbol can randomize interference within a cell. On PUCCH, this can provide clear advantages:

· Firstly, interference randomization within a cell increases PUCCH tolerance against power differences between the UEs, as partially discussed in [5]. This benefits ACK/NACK, CQI as well as scheduling request (SR) transmissions. 
· Secondly, randomization of intra-cell interference allows for larger instantaneous (i.e. within a single LB) interference between SR resources. This allows for more efficient use of CAZAC sequence cyclic shifts on SR, increasing the multiplexing capacity of SR. For example, 12 CAZAC sequence cyclic shifts can be used per PRB instead of 6 cyclic shifts for multiplexing scheduling requests. Results with the use of 12 cyclic shifts and cyclic shift hopping are presented in [2] and in Appendix. This essentially doubles the multiplexing capacity of SR.
Other aspects that are related to the cyclic shift hopping are simplicity and maintaining the orthogonality of block-wise spreading. We see that by connecting the hopping pattern to the used resource, e.g., cyclic shift index, orthogonality of block-wise spreading is easily maintained. We also see that resource-specific hopping can be done with simple patterns, e.g., such as those presented in Section 3, and, thus, there is no essential difference on the complexity or signaling between resource-specific and cell-specific hopping.
In other words, we see that cell-specific hopping does not provide any benefits over the resource-specific hopping. On the contrary, cell-specific hopping realizes only a part of the potential benefits of the symbol based cyclic shift hopping. Since the resource-specific hopping provides intra-cell interference randomization and, thus, clear benefits over the cell-specific hopping, we prefer a resource-specific cyclic shift hopping to be used on PUCCH.
3. Symbol based cyclic shift hopping patterns on PUCCH

In this section a structure for symbol based cyclic shift hopping is presented. The structure consists of two parts, where the first part provides intra-cell randomization and the second part provides inter-cell randomization.  
3.1 Intra-cell interference randomization

On the intra-cell randomization, multiple aspects need to be taken into account: 
· most dominating intra-cell interference comes from the UE that uses i) the same block-wise spreading code and ii) the closest cyclic shift. Interference between cyclic shifts is not symmetrical due to the typical delay profile of channel. 

· maximization of randomization should be considered for information LBs and RS LBs separately. Optimizing over the whole slot does not necessarily provide the best solution.  

· different number and location of information LBs and RS LBs on CQI, ACK/NACK and SR transmissions needs to be considered

·  structure should be compact and easily applied to CQI, ACK/NACK and SR transmissions. 

Presented symbol based hopping patterns are defined based on these aspects for two cases. The first case considers scheduling requests with increased multiplexing capacity. Hence, 12 UEs are multiplexed by the CAZAC sequence cyclic shifts, and dominating interference comes from the adjacent cyclic shifts. On the second case, 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 case applies for ACK/NACK, CQI and SR transmission.
As said, the first case applies for scheduling requests 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 1. The hopping pattern can be also written for frame 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. Results for the hopping pattern are included to the Appendix.
Table 1 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 case applies for ACK/NACK, CQI and SR transmission; SR is assumed to use the splitting structure presented in [2] which is compatible structure with ACK/NACK structure. When defining hopping pattern for this case, focus should be on the occurrence of cyclic shift pairs 2 shifts apart, since these occurrences constitute the most dominating part of intra-cell interference. 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 1 (cyclic shift values are tabulated for cyclic shift and  mLB indexes). It is shown on Figure 1 how the columns on Table 2 are mapped to the LBs on the slot with index mLB. It should be noted from Figure 1 that the same columns of Table 2 are never repeated either during information LBs or during RS LBs. 
Table 2 Cyclic shift patterns for intra-cell randomization when 6 UEs multiplexed with cyclic shifts
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ACK/NACK 0 2 1 2 3 3 4

CQI 0 2 1 2 3 3 4

RS LB:

Information LB:


Figure 1 Mapping between LB index and column index mLB.
Hopping pattern on Table 2 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 1, and ci = 0,1,…,5 and a = 0,1 indicate the cyclic shift resource. For example in the case of ACK/NACK, the value of a can be derived from the block-spreading sequence index according to the ACK/NACK resource allocation table. Alternatively, 
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 for cindex =0,1,…,11. Results for the hopping pattern are included to the Appendix.
3.2 Inter-cell interference randomization
A straightforward way to achieve inter-cell randomization is to apply a cyclic shift increment 
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 on the top of the intra-cell randomization: 
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. The cyclic shift increment is both cell and LB specific with a period of slot. Thus the increments can be read from a table such as illustrated on Table 3. Since different sequences are used on neighboring cells, the hopping pattern does not benefit from any particular structure.  Thus the hopping pattern can be simply constructed from pseudo-random permutations of cyclic shifts 0,1,…11 on the table columns.

Table 3 Example of a cyclic shift increment 
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 values for inter-cell randomization
[image: image13.emf]Cell index: LB1 LB2 LB3 LB4 LB5 LB6 LB7

0 1 7 8 9 1 9 4

1 8 4 3 10 4 8 11

2 2 9 4 8 7 2 2

3 4 1 6 2 6 11 0

4 7 0 2 11 3 5 9

5 3 11 10 1 9 4 7

6 6 3 1 5 8 0 10

7 10 5 7 7 5 7 3

8 5 8 5 6 0 6 8

9 9 10 9 4 10 1 6

10 0 6 0 0 2 10 1

11 11 2 11 3 11 3 5


4. Randomization outside a slot
Cyclic shift hopping has also been proposed for the randomization between slots as well as between TTIs. We see that the cyclic shift hopping between slots and TTIs should be applied also on PUCCH in order to increase randomization both within cell as well as between cells. An example of the gain from the cyclic shift hopping between slots is shown in Appendix for SR. We see that the cyclic shift hopping patterns proposed for DM RS [3] can be applied directly on PUCCH; the inter-slot hopping just provides cindex value for the symbol based hopping within a slot. As a result, efficient randomization is achieved with such concatenation of simple hopping patterns.   
Block-wise spreading code hopping between slots has been proposed to mitigate the impact of large Doppler and frequency errors. We see that such hopping is beneficial and, thus, should be included to the standard. Nevertheless, it should be noted that hopping alone does not mitigate the impact of Doppler sufficiently for SR and a particular structure for high speed UEs is needed [2]. We see also that cyclic shift hopping and block-wise spreading sequence hopping should be separate, yielding in a simple yet efficient design. Then the hopping pattern for block-wise spreading codes can be as simple as shown on Table 4. 
Table 4 Example of block-wise spreading sequence hopping pattern between slots.
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slot 1

SF=2 SF=3 SF = 4 SF = 7

0 0 1 1 2 5

1 1 0 0 1 1

2 2  - 2 0 4

3 3  -  - 3 0

4 4  -  -  - 3

5 5  -  -  - 6

6 6  -  -  - 2


5. Summary

On this contribution, symbol based cyclic shift hopping on PUCCH is discussed. It was noted that cyclic shift hopping can randomize also for intra-cell interference, thus, allowing for e.g.  significant increase on the multiplexing capacity of scheduling requests. A compact hopping structure randomizing both intra- and inter-cell interference and applicable to CQI, ACK/NACK, and SR transmissions was also presented.
Based on the presented discussions, we suggest on symbol-based cyclic shift hopping on PUCCH
· cyclic shift hopping is resource specific, allowing for intra-cell interference randomization,
· the presented compact hopping structure 

· providing efficient randomization for CQI, ACK/NACK and SR transmissions

· allowing for simple intra- and inter-cell randomization
· compatible with cyclic shift and sequence hopping between slots and TTIs

for cyclic shift hopping on PUCCH hopping,
· cyclic shift hopping proposed for DM RS will be applied also on PUCCH.

Additionally, we support block-wise spreading sequence hopping between slots. We propose that cyclic shift hopping and block-wise spreading sequence hopping are separated, allowing for the use of simple hopping patterns e.g. as in Table 4.
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Appendix

In Figures 2 and 3, the minimum attenuation between any cyclic shift resources are presented with and without cyclic shift hopping. In other words, minimum attenuation between resources that use the same block-wise spreading sequence is shown for SR on Figure 2 and for CQI and ACK/NACK RS on Figure 3. On Figure 3, the gain from the cyclic shift hopping between slots is shown for SR.
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Figure 2 Minimum attenuation between cyclic shifts resources for SR.
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Figure 3 Minimum attenuation between cyclic shifts resources for ACK/NACK and CQI RS. 





































































� � EMBED Equation.3  ��� are the largest integer smaller than or equal to x, and smallest integer larger than or equal to x, respectively
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