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1
Introduction
In 3GPP RAN1 Meeting #49bis in Orlando, cyclic shift hopping per symbol was agreed on PUCCH. To further the finalization of PUCCH design, we investigate the need for cyclic shift resource specific cyclic shift randomization on PUCCH.
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 cyclic shift 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. It is further noted that randomization of inter-cell interference is only applicable in synchronized network.
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 [1], 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.
Performance Gain of Resource Specific Hopping
This section provides performance comparison for the cyclic shift hopping with and without resource-specific randomization. We use 1-bit scheduling request mechanism presented in [2] as an application for the resource specific randomization. 
Considered multiplexing scheme:
The considered SR multiplexing scheme presented in Figure 1 is based on the SR scheme that was agreed in RAN1 50bis meeting. There are two orthogonal cover sequences, namely length-3 sequence and length-4 (Hadamard) sequence in the existing scheme. In order to maximize the multiplexing capacity with the existing ACK/NACK structure, additional orthogonal cover code of length 2 is applied, on top of length-3 and length-4 cover sequences, as proposed in [4].  Thus, each SR resource is characterized by means of 
· One out of three orthogonal cover codes of Sequence 1 

· One out of four orthogonal cover codes of Sequence 2 

· One out of two orthogonal cover codes of length-2 ([1, 1], [1, -1])

· One out of 12 cyclic shifts 

Multiplexing capacity of considered SR scheme with 1-bit ON/OFF keying equals to 72 resources per slot/RU (=3x2x12). It is noted in [2], that the additional orthogonal cover can be switched off in high Doppler conditions. However, this does not require additional signalling because switching the cover off means only that some of the possible cover sequences are not allocated to any UE.
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Figure 1. Considered multiplexing scheme for SR.
Simulation setup:
In simulations we assumed that SR is based on an On-off keying which means that negative SR is not transmitted at all. Furthermore, it was assumed that there is only a single “active state” with the positive SR (i.e., one-bit SR). The detection threshold is set in each SNR point in such way that the false alarm probability equals to 0.1 %. The slow power control compensating the distance dependent path loss and shadow fading was assumed in simulations.

Three different cases are considered in the performance evaluation: 

1- “36 resources - randomization off”. This is a baseline case where only every second cyclic shift resource inside the LB is in use. Resource specific randomization is switched off in this case.

2- “72 resources - randomization off”. In this case, all SR resources are in use. 

3- “72 resources - randomization on”. In this case, all SR resources are in use. Resource specific randomization patterns for randomization inside and outside of the slots are based on Table 1 of [1] and Table 4 [1], respectively.
In order to show the potential of resource specific randomization, inter-cell interference was assumed to be AWGN in all cases. Furthermore, in order to get fair comparison between cases with different number of resources in use, the probability for transmission of positive scheduling request is changed according to number of resources in use:
· Probability for positive SR transmission with 36 resources in use was 10% 

· Probability for positive SR transmission with 72 resources in use was 5%.
Simulation results:
Missed SR detection probability as a function of SNR is shown in Figure 2. Results show that resource specific 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 cyclic shifts resources of a CAZAC sequence and translates directly in the increased (doubled) multiplexing capacity of SR. UE speed was set to be 30 km/h in this simulation.
We also remind that perfect slow PC between different intra-cell UEs transmitting SR was assumed in this simulation. The need for resource specific randomization increases as the practical PC errors with power differences between different UEs are taken into account.
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Figure 2. ACK/NACK signalling without additional ACK/NACK indication signalled in UL grant. 

4
Summary
This contribution investigates need for resource specific cyclic shift randomization on PUCCH. Results show that resource specific cyclic shift hopping is very efficient in randomization of intra-cell interference and, thus, intra-cell interference randomization is important aspect in addition to inter-cell interference in definition of cyclic shift hopping. Cyclic shift resource specific randomization allows for e.g., 
· Significant increase in the multiplexing capacity of scheduling requests

· Possibility to define up to 36 ACK/NACK resources per PRB as discussed in detail in [3].

Based on these results, we propose that cyclic shift resource specific randomization is taken as a working assumption for the cyclic shift hopping on PUCCH. Our detailed patterns for intra- and inter-cell cyclic shift hopping are presented in [1].
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