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1. Introduction
This contribution deals with code resource allocation for DL ACK/NACK signals transmitted in the UL PUCCH (Physical Uplink Control Channel).  These resources are utilized by UEs which only have ACK/NACK signals to be transmitted but neither the UL data nor the periodic CQI. 

The ACK/NACK signalling format has been decided in RAN1 meeting #48bis [1] held in Malta: 

· ACK/NACK is transmitted by means of modulated CAZAC sequence. ACK/NACK signals of different UEs can be orthogonally multiplexed inside the pilot/data blocks using different cyclic shifts of the same base CAZAC sequence. Length of the CAZAC sequence equals to 12 symbols. 

· Coherent transmission with 3 reference signal (RS) blocks, 4 data blocks (ACK/NACK) is applied

· Block level spreading with SF=3/4 is applied for RS/data blocks.

Different ACK/NACK UEs are multiplexed by means of CDM (Code Division Multiplexing). There are in total 12x3=36 code resources available for reference signals and 12x4=48 resources for data signals. It does not make sense to allocate these resources explicitly since the resource size is always fixed. Instead of that, implicit resource allocation is for DL ACK/NACK signals transmitted in UL signalling is applied.  It was decided in the last RAN1 meeting #49 held in Kobe [2] that for non-persistent scheduling the ACK/NAK resource is linked to the index of the control channel used for (DL) scheduling. 

This contribution report deals with allocation and signalling of implicit ACK/NACK resources. We will present a signalling scheme which can be used to map the implicit control channel indexes implicitly into the physical code resources of PUCCH.

2. Utilization of CDM resources of ACK/NACK resource
Certain principles should be applied when allocating different (implicit) CDM resources between different UEs [7]. We know that parallel code channels transmitted on PUCCH interfere each other in practical system

· Orthogonality between different cyclic shifts of frequency domain CAZAC code (within LBs) is limited by the delay spread of the radio channel

· Orthogonality between different cyclic shifts of block level CAZAC/Hadamard code (between LBs) is limited by the Doppler spread.

It can be shown that adjacent cyclic shifts in both frequency and time domain have the worst orthogonality properties. Due to the intra/inter-cell orthogonality issues, only part of the code resources can be used in practice [3, 4]. One can utilize the unused code space to improve both intra and inter-cell othogonality. 
Intra-cell orthogonality:

· The preferred code allocation strategy depends obviously on the number of resources in use. This issue is demonstrated in Table 1. 
· Another issue which impacts to preferred code allocation strategy is the radio channel, i.e., delay/Doppler spread. For example, in case of high Doppler, it may be beneficial to prioritize cyclic shifts instead of block level codes.
Table 1. Cyclic shift allocation with 18 and 12 resources.
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Inter-cell orthogonality:

· Inter-cell orthogonality depends not only on the correlation properties between the base sequences used in frequency and time domain but also on the applied allocation strategy. 
· Inter-cell orthogonality can be improved when the same base sequences (both frequency and time domain) are utilized in a coordinated way between adjacent cells of the same Node B [5] or between adjacent cells of adjacent Node Bs. Performance results for coordinated cyclic shift allocation are shown in the APPENDIX.
3. Configuration of implicit ACK/NACK resources
Implicit resources are configured by means of higher layer signalling (RRC). The following parameters are needed to characterize one implicit ACK/NACK resource.
Static parameters:

· Frequency allocation of ACK/NACK signals transmitted on PUCCH

· Spreading factor of RS blocks (e.g., 3)
· Spreading factor of data blocks (e.g., 4) 
· Length of the CAZAC sequence which is 12 frequency pins
Semi-static parameters:

· Base sequence of frequency domain CAZAC code (most probably the same for RS and data blocks)

· Base sequence of block level code (separately for pilot and data)

· Shift hopping related parameters
· Sequence hopping related parameters (FFS)
· Cyclic shift allocation for frequency and time domain code (separately for pilot and data)

We note that most of the parameters are obviously cell specific: all the static parameters, base sequence indexes (both in frequency and block domain) and shift/sequence hopping related parameters. It is also assumed that size of the cell-specific part of the configuration message is not a problem. 

The biggest signalling burden is related to the signalling of the cyclic shift resources, which are resource specific. 12 bits are needed to characterize cyclic shifts of one implicit resource:

· 6 bits are needed to characterize the ACK/NACK RS resource (12*3 available code channels)

· Additional 6 bits are needed to characterize the ACK/NACK data resource (12*4 code channels)

We note that although the signalling burden with a single implicit resource is not too big, the total amount of signalling is still quite extensive. When cyclic shifts of all available implicit resources are explicitly signalled by means of RRC signalling then signalling burden with 12, 18 and 36 resources equals to 144 bits, 216 bits and 432, respectively.

4. Proposed signalling scheme
Instead of explicit signaling of the cyclic shift resources, we propose to signal them in an implicit way where the cyclic shift values are derived from the cell specific parameters. The basic functionality is illustrated in Figure 1. The proposed resource allocation scheme contains the following cell specific input parameters, which the proposed algorithm will use as an input.
Static input parameters:

· num_f_shift: number of cyclic shifts of block spreading code (e.g., 3 or 4)

· num_f_shift: number of cyclic shifts of frequency domain CAZAC code (num_f_shift = 12)
Semi-static input parameters:

· res_1st: resource number of the first implicit resource. The applied resource numbering is presented in Figure 2.

· shift_diff: cyclic shift difference between two implicit resources. When the desired allocation order is e.g., [0, 3, 6, 9, …], then shift_diff  equals to 3. 

· impl_res: resource number for ACK/NACK, tied to DL control channel index and signaled implicitly, [0, 1, 2, …].
The algorithm calculates, as an output for cell specific input parameters and resource number provided by implicit signaling, cyclic shift values for frequency and time domain codes.
· shift_t: cyclic shift of block spreading code (for the given impl_res)

· shift_f: cyclic shift of frequency domain CAZAC code (for the given impl_res)
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Figure 1. Input and output parameters of proposed resource allocation scheme.
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Figure 2. Numbering of implicit resources.

Algorithm to calculate shift_t and shift_f can be illustrated as follows: 

shift_t = mod ( floor( i_temp / num_f_shift), num_t_shift)
 

               








            (1)

shift_f = mod ( i_temp + shift_t + mod ( floor( impl_res x shift_diff / num_res ), shift_diff),  num_f_shift ),              (2)

where

num_res = num_t_shift x num_f_shift



                                      











 (3)

i_temp = res_1st + (impl_res x shift_diff).


                                     











 (4)

floor rounds the elements of the nearest integers, towards minus infinity and mod is modulus after division operation. 

Figure 3 shows three examples of cyclic shift allocation between the implicit resources (impl_res = 0, 1, …). The applied input parameters are shown below each example (num_f_shift = 12). 
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Figure 3. Cyclic shift allocation of implicit resources according to proposed algorithm.
The proposed signalling scheme can be used with semi-persistent UEs (i.e., which have DL allocation grant only for the re-transmission) in such a way that 

· implicit ACK/NACK resource is based in applied DL resource. Signalling of these resources can be based on the proposed scheme

· different resource pools are reserved and signalled for persistent and semi-persistent UEs 

Another choice with semi-persistent UEs is to apply the proposed signalling also for the semi-persistent UEs and to signal the imp_res parameter explicitly with higher layers.  
It is beneficial in some cases to allocate implicit ACK/NACK resources only from the limited code space. This is the situation when periodic CQI and ACK/NACK from different UEs are transmitted in the same RU. Limited code space requires two additional semi-static parameters to be signalled:
· allowed_t_shift: bit field containing allowed cyclic shifts of block level code 

· allowed_f_shift: bit field containing allowed cyclic shifts of frequency domain code.

In case of limited code space the kth  implicit resource is defined the kth allowed resource.
5. Benefits of the proposed signalling scheme
The main advantage of the proposed signaling scheme is reduced signaling burden. We can address cyclic shifts for 36 implicit ACK/NACK resources by means of two parameters using only  4-9 bits (existing ACK/NACK structure). In optimized configuration we need to signal the cyclic shift resources separately for RS and ACK/NACK data blocks.
· At maximum 6 bits to signal the res_1st  parameter for RS resource. 2-3 bits may be enough in practice.
· At maximum 6 bits to signal the res_1st  parameter for data (ACK/NACK) resource. 2-3 bits may be enough in practice.
· At maximum 2-3 bits to signal the shift_diff parameter for the RS resource

· At maximum 2-3 bits to signal the shift_diff parameter for the data resource
Explicit signaling of cyclic shift resources requires 432 (36 x 12) bits for the same information.

We note that the proposed method supports still flexible resource allocation

· Optimized code resource allocation against inter-cell interference (see Figure 5)

· Reuse planning for ACK/NACK transmitted on PUCCH

· Optimized resource allocation against intra-cell interference (according to Table 1)
· Based on the number of UEs

· Based on the propagation conditions
6. Summary
We have discussed issues related to signalling of implicit ACK/NACK resources and mapping them into the physical code resources of PUCCH. We have noted that explicit signalling of implicit cyclic shifts resources creates an excessive signalling burden for higher layers. We have presented a scheme, to allocate and signal the available implicit ACK/NACK resources with very limited number of cell specific parameters. This will reduce the signaling burden significantly without causing limitations for optimized code resource allocation.
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APPENDIX 

This section presents system level results for coordinated AKC/NACK resource allocation between cells. The system assumptions have been aligned to [6]. A network with 19 three-sector sites, i.e., in total 57 cells is assumed. The sites are positioned on a regular hexagonal grid. Complete simulation assumptions are given in Table 3. It was assumed that there are 12 UEs transmitting ACK/NACK signal on PUCCH in each cell. Furthermore is assumed that the same frequency band is used for PUCCH in all the surrounding cells.

We utilize SNR based intra-cell PC with full path loss compensation. In our simulation, the SNR target is optimized for 95% coverage area probability. 

Three different cases presented in Figure 4 are considered:
· Uncoordinated ACK/NACK resource allocation between cells is used (i.e., different base sequences in frequency and time domain)

· Coordinated ACK/NACK resource utilization between adjacent cells of the same Node B

· Coordinated ACK/NACK resource utilization between adjacent cells of different Node Bs. We note that this assumption requires synchronized network and limited cell size.

Cyclic shift allocation principle of coordinated resource utilization is presented in Table 2. In each cell there are 12 implicit resources in use [0, 1, … 11].  It has been assumed in system simulations that there is a 10 dB attenuation between adjacent cyclic shifts. 
System level results presented in Figure 5 show that coordinated cyclic shift allocation between adjacent cells provides up to 1.2 dB coverage gain for ACK/NACK compared to non-coordinated case. Results show that coordinated cyclic shift allocation between cells of different Node Bs performs better than coordinated cyclic shift allocation between cells of the same Node B.
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Figure 4. Two principles for coordinated resource utilization between adjacent cells.

Table 2. Allocation principle applied for coordinated resource utilization.
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Figure 5. SINR distribution for different code-reuse systems.

Table 3. System level assumptoins

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Distance-dependent path loss
	L=128.1  + 37.6log10(.R), R in kilometers

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20 dB

	Antenna pattern [4] (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Carrier Frequency / Bandwidth
	2 GHz/5 MHz

	Channel model
	Typical Urban (TU) 

	UE speeds of interest
	3km/h

	Total BS TX power (Ptotal)
	43dBm

	UE power class
	21dBm 

	Inter-cell Interference Modeling
	UL: Explicit modeling (all cells occupied by UEs),

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	>= 35 meters


Not used with ACK/NACK








� In this document the notation is based on the assumption the cyclic shifts within LBs are done in frequency domain. However, time domain implementation of the shifts is equally possible.
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