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1
Introduction
Signaling efficiency and capacity is one topic of enhancements for Diverse Data Applications [1]. In last meeting some papers have made detailed analysis for PUCCH capacity and usage efficiency[2][3]. In this contribution, preliminary evaluation based on real background traffic is provided, and furthermore, potential optimized solutions are presented for PUCCH usage efficiency.   
2
PUCCH usage efficiency for background traffic
In previous meeting, traces of backgound traffic are discussed and it is expected some agreements will be reached to facilitate system performance evaluation. Generally, background traffic shows sparse data packet arrival. In this section we analyze PUCCH usage efficiency based on real background traffic. As well known, PUCCH includes scheduling requeset (SR), CQI and ACK/NAK. From the usage efficiency point of view, SR is deserved to take a look due to periodic resource allocation. In the table below, the traces in [4] are used to formulate the packet arrival pattern and therefore how many SR occasions among the pre-allocated SR resources are occupied, i.e. SR usage efficiency, could be counted. 
	Traffic Type
	Mean Packet Interval in uplink
	SR usage efficiency in case that UE is always kept in-sync (SR resource is never released)
	SR usage efficiency in case of 5 seconds TAT and not updating TA when no data transmission
	SR usage efficiency in case of 10 seconds TAT and not updating TA when no data transmission

	
	
	20ms period 
	80ms period 
	20ms period 
	80ms period 
	20ms period 
	80ms period 

	background (Skype) 
	34.3364 seconds 
	0.06% 
	0.22% 
	0.81% 
	3.17% 
	0.42% 
	1.60% 

	IM 
	  5.7271 seconds 
	0.31% 
	1.1% 
	2.07% 
	7.13% 
	1.04% 
	3.58% 


                             Table 1 SR usage efficiency under real background traffic
In above table, 80ms and 20 ms periodicites are considered. In order to improve SR usage efficiency, it is assumed when TAT expires, UE enters out-of-sync state and release PUCCH resource. When PUCCH resource is released, this resource could be used for other users. Another assumption is that data packets within the same cycle of SR will trigger the schedule request only once.  
According to the results above, SR usage efficiency is relatively low, even if applying PUCCH release when TAT is expired. However, using TAT will increases load in RACH resource which may cost more latency and signaling effort in the network in some cases. Though user traffic could be a combination of multiple applications, simple background traffic is still playing an important role in PUCCH usage evaluation. 
Observation 1: SR usage efficiency is quite low for background traffic if the dedicated SR resource is always kept.
3
PUCCH capacity evaluation  
In case of PUCCH capacity evaluation, it depends on user number and other assumptions. Therefore, the assumptions for PUCCH capacity evaluation should take into accont actual implementation and real network load in the long run.  
Assumptions:

· System bandwidth=20Mhz

· Active users number=800 
· PUCCH configuration: 
SR period=20ms, CQI=20ms
· PUCCH capacity per PRB: SR capacity=18 users/PRB, CQI capacity=6 user/PRB, ACK/NAK capacity=18 user/PRB
Calculated results:

SR consumed PRB=800/20/18=2.2 PRB/subframe 

CQI consumed PRB=800/20/6=6.6 PRB/subframe

ACK/NAK consumed PRB: considering maximum PDCCH capacity with around 80 CCEs, ACK reservation would be 4.4 PRB/subframe.  
In all, total consumed PUCCH resource is around 13 PRB/subframe for single carrier. For multiple carrier case, the consumed PUCCH resource is expected to be increased considering e.g. the CQI resource is to be multiple of the number of carriers to accommodate the channel information over respective carriers for multi-carriers. Therefore, the PUCCH consumption is rather large which not only exhausts the overall uplink resources but also degrades the uplink performance. 

According to calculation above, we can get following observation:

Observation 2: PUCCH consumption is considerable large in supporting a large number of users.    
4
Consideration for PUCCH usage optimization   
Based on the analysis in section 2 and 3, PUCCH may consume considerable amout of uplink resource and degrade uplink throughput. Hence, PUCCH usage optimization need more attentions. To utilize the PUCCH resource more efficiently,, the following approaches can be considered: 

1. Using the existing configurations to save PUCCH resource
Possible alternatives might be CQI mask, fast PUCCH release, or using aperiodic CQI to replace periodic CQI resource reservation. One smart solution could be using flexible PUCCH configuration to fit for UE traffic. These existing methods are relevant with network configurations which are purly implementations matters. Therefore no specification efforts are needed.
2. In case the solutions listed in 1 are not enough and further optimizations are needed, the following solutions can be further investigated.
Alt1: UE informs some traffic related information to assists eNB adjusting PUCCH configuration  
Alt2: UE initiates the message to request PUCCH release depending on its internal information.
Alt3: Mechanisms allowing smart sharing PUCCH resource among multiple users 
Alt4: Mechanisms allowing larger SR periods for background traffic.
Proposal: It is proposed for RAN2 discussion whether further PUCCH usage optimization is needed.
5
Conclusion
In this contribution, we evaluated the PUCCH usage efficiency and its capacity under EDDA scenario. Preliminary analysis shows PUCCH conusumption may be considerable. Furthermore, for potential PUCCH usage optimization, phased optimization direction is proposed.   
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