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1.
Introduction
The current agreement in 3GPP, based on Seville decisions, is that simultaneous transmission of SR and ACK/NACK is supported but the multiplexing method and the exact transport format is for further study. However, widely accepted method for multiplexing SR and ACK/NACK is that ACK/NACK is sent from SR resource if SR and ACK/NACK need to be transmitted simultaneously. On the other hand, it has been agreed that SR is transmitted by using on/off keying with unmodulated RS sequences.
In this contribution, we discuss different options for simultaneous transmission of SR+ACK/NACK. An important aspect considered in this contribution is the total overhead caused by SR and ACK/NACK channel. DTX detection issue related to simultaneous transmission of SR and ACK/NACK is discussed in a separate contribution [1].

2.
Multiplexing capacity of SR
It has been decided that on/off –keying based ACK/NACK structure is reused with SR. Figure 1 shows the arrangement of orthogonal cover sequences with SR in case of normal CP.  It can be noted that multiplexing capacity of the existing SR resource is determined by the shorter cover sequence (Sequence 1). It equals to 3x6=18 UEs/TTI/RB with an assumption that every second CS is used. This multiplexing capacity translates into 8 % SR overhead in 5 MHz BW (i.e., 2 RBs corresponding to 360 kHz bandwidth allocation), if as many as 360 simultaneous UEs needs to be supported with 10 ms delay between two consecutive SR opportunities. 
[2] proposes to apply additional cover sequence [1 1; 1 -1] in between the existing cover sequences. This arrangement doubles the multiplexing capacity resulting in 36 orthogonal SR resources per TTI/RB. Correspondingly, the SR overhead with the given assumptions is reduced to 4%.
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Figure 1. Scheduling request
 3.
Simultaneous transmission of SR+ACK/NACK
As mentioned, simultaneous transmission of SR and ACK/NACK is supported but the multiplexing method and the exact transport format is for further study. This section summarizes the proposed formats and identifies the main problems related to each proposal   SR resources can be classified to aperiodic periodic resources. Aperiodic SR resources exist only when a certain UE is transmitting ACK/NACK on PUCCH.  Periodic SR resource is the primary SR resource configured with higher layer signalling to occur periodically. 
1. Selection between ACK/NACK and periodic SR resources [3]
· In case of negative SR, ACK/NACK is transmitted using the original ACK/NACK resource
· In case of positive SR, ACK/NACK is transmitted using the periodic SR resource
Problem of this approach is that additional cover code cannot be used in case when ACK/NACK is transmitted on the SR resource. This means that multiplexing capacity of periodic SR resource cannot be boosted by a factor of two.
2. Selection between ACK/NACK and aperiodic SR resources [4]
· In case of negative SR, ACK/NACK is transmitted using the original ACK/NACK resource

· In case of positive SR, ACK/NACK is transmitted using the aperiodic  SR resource

· (SR only is transmitted using periodic SR resource)
Problem of this approach is that ACK/NACK multiplexing capacity is degraded by 33% in case of normal CP (no degradation in case of extended CP).
3. Usage of existing ACK/NACK structure with higher-order modulation [5]
· Additional SR bit needs higher modulation order (BPSK->QPSK, QPSK->8PSK)

Problem of this approach is the 3-5 dB performance loss compared to ACK/NACK only transmission

4. Codeword mapping into the specific ACK/NACK channel [6]
· Assumption is that every PDCCH CCE has a dedicated ACK/NACK resource on PUCCH. Used ACK/NACK resource depends on the presence of SR. Higher order modulation is used in case of single ACK/NACK resource.

Problem of this approach is that PUCCH capacity is degraded since every CCE needs a dedicated ACK/NACK resource. Another problem is that higher-order modulation needs to be applied in cases when PDCCH consists of a single CCE.

4.
Preferred Schemes
In order to avoid the performance degradation, we are of the opinion that the exact transport format selection should be made between Option 1 and Option 2. It is noted that total overhead caused by SR and ACK/NACK channel is acceptable in Option 2 only in the case when additional cover code is applied on dedicated SR resource. 

 Option 1: Selection between ACK/NACK and periodic SR resource
· Because additional cover can’t be used  with periodic SR resource, SR multiplexing capacity equals to 18 UEs/TTI/RB with an assumption that every second CS is used
· Multiplexing capacity of ACK/NACK: 18 UEs/TTI/RB (every second CS used)
Option 2: Selection between ACK/NACK and aperiodic SR resource
· Additional cover code is applied on dedicated SR resource. SR multiplexing capacity equals to 36 UEs/TTI/RB (every second CS used)
· ACK/NACK channel is divided between ACK/NACK only and ACK/NACK+ aperiodic SR. Multiplexing capacity of ACK/NACK is reduced from 18 to 12 UEs/TTI/RB in case of normal CP.
.
Multiplexing capacity:

Table 1 compares the multiplexing capacity between the two schemes. It shows the average number of RBs needed to support simultaneous transmission of ACK/NACK and positive SR. The calculation assumes that 

· SR opportunity is provided for 360 UEs with 10 ms delay. It has been assumed that every second CS is applied.
· Number of ACK/NACK resources on PUCCH varies between 18 and 48 (per sub-frame). We assume normal CP (every second CS in use)
Table 1 shows that Option 1 is better in cases when the number of ACK/NACK resources is high. On the other hand, when the number of ACK/NACK resources is low, Option 2 provides smaller total overhead. It is noted that when Option 2 is used, the UE has capability to send SR always when ACK/NACK resource is available. In that case UE does not have to wait the periodic SR resource, and therefore faster request of UL resources is possible. This would allow less frequent allocation of periodic SR resource in some cases. 

Table 1.Average number of RBs needed to support simultaneous transmission of ACK/NACK and positive SR.
[image: image2.emf]Average load Number of RBs required
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Option 1 Option 2

36 SR 2 1

18 - 48 AN 1 - 2.7 1.5 - 4

Total 3 - 5.7 2.5 - 5


DTX performance:
DTX performance is studied in [1]. It is found that arrangements according to option 2 enable equal detection performance for both SR to ACK and SR to NACK errors. Also it is found that if both SR to NACK and SR to ACK detection are supported with arrangements according to option 1, it results in degraded ACK miss detection performance.
Proposed ACK/NACK+SR Mapping, Option 2:

A practical improvement for Option 2 is presented in Figure 2  (Figure 3 shows the existing proposal). We propose that division between ACK/NACK and SR+ACK/NACK channels should be made according to Figure 2. The main benefit of proposed change is that it allows to keep the existing ACK/NACK channelization [7] almost unchanged. The only change required is that in case when ACK/NACK only and ACK/NACK+ periodic SR resources are reserved, channelization principles designed for extended CP should be applied also in case of normal CP (no changes in case of extended CP). 
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Figure 2. Proposed ACK/NACK + SR mapping.
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Figure 3. ACK/NACK + SR mapping according to [4].
6.
Summary
This contribution discussed different options for simultaneous transmission of SR+ACK/NACK. Taking into account multiplexing capacity and DTX performance related to different approaches, we propose that the final selection should be Option 2: 
· Selection between ACK/NACK and aperiodic SR resource
We emphasize that mandatory requirement for Option 2 is that additional cover code should be applied on the periodic SR resource.  
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