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Introduction
 One of the targets of the enhancements for Diverse Data Applications WI [1] is the increase of signaling efficiency and capacity. In previous meetings some contributions have provided detailed analysis for PUCCH capacity and usage efficiency, e.g. [2][3]. In this contribution, we further analyse the efficiency of SR usage and PUCCH capacity and present potential optimizations to increase the efficiency of PUCCH usage.   
2
PUCCH capacity evaluation
2.1
Efficiency of SR usage for background applications
In the previous meetings, traces of backgound applications have been discussed and the CDFs of inter-arrival time and packet size were formulated to facilitate system performance evaluation. Generally, background applications show sparse data packet arrival. Based on these trace statistics, some contributions have provided the analysis of efficiency of SR usage [4][5]. Common assumption is using the ratio of the actually utilized SR resources over the assigned SR resources as SR usage efficiency. Most of results showed that SR usage efficiency is quite low due to sparse data packets in background applications, which therefore leads to the waste of PUCCH resources. Considering the explosion of smartphone users, the overall PUCCH capacity is restricted by the rather low SR resource usage when the network is supposed to accommodate a large number of users.
Observation 1: The PUCCH capacity is restricted by the rather low SR resource usage when the network is supposed to accommodate a large number of users.
2.2

Overall PUCCH capacity
The PUCCH capacity depends on the number of users, the configurations to each user, interference situation etc. 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
· Number of active users=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:
PRBs consumed by SR=800/20/18=2.2 PRB/subframe 

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

PRBs consumed by ACK/NAK considering maximum PDCCH capacity with around 80 CCEs, ACK reservation would cost 4.4 PRB/subframe.  
In all, total PRBs consumed by PUCCH are 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 multiplied by the number of carriers to accommodate the channel information over respective carriers. Therefore, the PUCCH consumption is rather large which does not only exhaust 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.
Proposal 1: It is proposed to consider PUCCH optimization as it is expected that PUCCH capacity could be increased by improving the usage efficiency of SR, CQI etc. 
3
Consideration for optimization of PUCCH usage   
Based on the analysis in section 2 and 3, PUCCH may consume considerable amount of uplink resources and degrade the uplink throughput. Hence, optimization of PUCCH usage is expected to be necessary. The following approaches can be considered to utilize the PUCCH resources more efficiently: 
1. Using the existing mechanisms to save PUCCH resource
· Solution 1: CQI mask
CQI mask is an effective way to better utilize PUCCH resources when DRX is enabled. As specified in the current LTE specification, if cqi-mask is set, CQI/PMI/PTI/RI reports are limited to the on-duration period of the DRX cycles, which implies that the PUCCH resources outside the on-duration period could be reused by other users. Especially when multiple users are running in the DRX mode, CQI resources not falling into the on-duration of one user could be allocated to another user being in the on-duration. This method allows sharing CQI resources by setting proper DRX configurations, which improves the PUCCH capacity. However, it fully depends on DRX setting and must be aligned when DRX configuration is changed. Moreover, the low efficiency of SR usage has not been addressed by this solution.
· Solution 2: PUCCH resource release with TAT 
In Rel-8, TimeAlignementTimer is defined to control UL synchronization. In order to stay synchronized with the network, UE expects new time advance (TA) from the network before TAT expiry. The timer restarts upon updating the TA value. However, if TA has not been updated beforeTAT expires, this UE goes out-of-sync, and releases PUCCH resource. 
This method can save PUCCH resources to some extent, but the minimum allowed value for TAT is as high as 500ms, which makes it impractical to fast respond to the traffic changes. Especially for background applications, where it is likely that no data is expected within a rather long time period following one data transmission, it seems not optimal to keep the PUCCH resources unused for at least 500ms.
· Solution 3: PUCCH resource release via RRC signalling
According to RRC specification, it is allowed to use RRC connection reconfiguration to remove PUCCH configuration. However, the RRC signalling is mainly used for semi-static (re)configuration which is not sufficient to handle the quick removal of PUCCH configuration. 

2. In case the above approaches are agreed to be not sufficient and further optimizations are needed, the following solutions can be considered.
· Solution1: PUCCH release via MAC command
As mentioned above, awaiting TAT expiry for PUCCH release is slow, and a natural solution would be to use a MAC command to force TAT expiry. After receiving this command, UE would follow the existing behavior defined for TAT expiry, i.e. to release the PUCCH and enters out-of-sync. 
This method will further reduce PUCCH cost with fast PUCCH release. For EDDA case, when the cell load is quite high and the traffic pattern is somehow predictable, fast PUCCH release could save PUCCH resource and accommodate more users. It is admitted that the release of PUCCH increases the usage of RACH and may requires RRC signaling to setup PUCCH again after RACH, but this is a tradeoff between PUCCH resource and RACH resource consumption. It is believed that the network could decide when to send the MAC command depending e.g. on the system load, traffic information etc.  
· Solution 2: flexible adjustment of PUCCH configurations  
In Rel-10 PUCCH resources are configured via the RRC signalling. When the traffic of the UE or the cell load change, it does not seem to be very practical to change the PUCCH configuration very frequently, by the RRC signaling. Meanwhile, when PUCCH load is rather high, it may not even be sufficient to change the PUCCH configuration via RRC reconfiguration message; instead, some common paremeters, which are cell-specific and advertised to users via SIB, may need to be changed, e.g the amount of PRBs allocated for PUCCH. This requires system information modification procedure to update the SIB information, which takes rather a long time for the UE to receive the updates, but it also impacts all UEs of the cell. In view of the drawbacks of RRC signaling for PUCCH reconfiguration, one alternative solution could be using MAC command to adjust the effective PUCCH periodicity. This approach could lead to a more dynamic and efficient solution.
More specifically, at first step, UE is configured with one PUCCH resource via RRC signalling. Then MAC command could be used to indicate the UE using partial of the PUCCH resources in case of UE traffic or cell load change. Effectively, the periodicity of the PUCCH resource that is used by the UE is extended or shortened.  For example, the MAC command could indicate ‘01’ to indicate using even part of the configured resouce, and ‘10’ to indicate using odd part of the configured resource. Additional information could be disabling this sharing allocation, then back to normal full resource allocation. One table could be as an illustration of this command: 
	00
	Disable sharing

	01
	Even resource

	10
	Odd resource


With such a MAC configuration, the remaining part of the PUCCH resources could be allocated to other user. It further increases the number of users that could be accommodated by the network at a lower cost of signalling. Moreover, it avoids sharing the same resources to multiple users which eliminates the potential collision problem. 

· Solution 3: flexible allocation of SR resources on need basis
SR resource usage for background traffic can be made more efficiently by configuring a longer SR period for users with background traffic only. Even longer periods than currenly specified could be considered for users with background traffic only. The drawback of longer SR period is a larger delay for UL packets. For typical background traffic packets this is not a problem, however, delaying some control packets, e.g., RLC status PDUs or TCP ACKs may cause unnecessary extra retransmissions. By allocating/releasing SR resources on a need basis from a preconfigured pool of SR resources can significantly reduce the UL delay of control packets. MAC or L1 signaling could be used to activate resources from a preconfigured pool of SR resources.
Proposal 2: It is proposed to discuss above candidate solutions for optimization of the PUCCH usage and agree on further optimizations.
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Conclusion
In this contribution, we evaluate the efficiency of PUCCH usage and the PUCCH capacity impacts. Preliminary calculations show that PUCCH resource consumption may be considerable, and its utlization may be unnecessarily low. Furthermore, we propose some candidate solutions to be considered for the optimization of PUCCH resource usage.  
Proposal 1: It is proposed to consider PUCCH optimization as it is expected that PUCCH capacity could be increased by improving the usage efficiency of SR, CQI etc. 
Proposal 2: It is proposed to discuss above candidate solutions for optimization of the PUCCH usage and agree on further optimizations.
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