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1 Introduction 
During the last meeting the issue of PUCCH efficiency was proposed in some papers and relevant evaluation results [1] were captured in TR 36.822, which show inefficient PRBs consumption due to low usage of SR. 
This paper gives further analysis and comparison on the potential solutions for increasing PUCCH usage efficiency.
2 Are PUCCH enhancements needed?
In the past few meetings, some papers (e.g. [1]~[4]) presented the PUCCH evaluations and all had similar results, i.e. PUCCH usage is inefficient which exhausts the overall uplink resources and degrades the uplink performance.
It’s known that the PRBs consumed by PUCCH are related with the number of users in RRC-connected mode and the periodicity of SR/CQI. According to the discussion in the previous meetings, some assistance information from the UE to the eNB can be considered to support better and smarter decisions on RRC release timer and DRX configurations, reducing unnecessary RRC state transition (and the related signaling) and then implying that UEs would probably last longer in RRC-connected mode than before. Obviously this would increase the number of users which stay in RRC-connected mode at the same time. 
Furthermore, considering the situation of fast improvement of the smartphone market (for instance, data from some statistical agency in China showed that the growth rate of penetration of 3G users in 2012 in China will be over 100% and the number of 3G users will soon exceed 300 million [5]), the eNB might have to face a large number of users simultaneously in RRC-connected mode in the near future. 
This situation should be taken into account when considering future LTE enhancements.
Observation 1: the number of users who stay in RRC-connected mode simultaneously might be large in the near future.
A simple calculation can be made to estimate the PRBs consumed by PUCCH.
	Assumptions
System bandwith:10MHz

SR period=20ms, CQI=20ms
80% DL control region is used for PDCCH (40CCEs)
	Number of users

	
	100 users
	400 users
	800 users

	PRBs consumed by PUCCH
	3.33 PRB/subframe[note1];
6.7% of system resource


	6.67 PRB/subframe;
13.3% of system resource
	11.1 PRB/subframe;
22.2% of system resource

	Resource Ratio of SR&CQI in PUCCH
	33%
	67%
	80%

	[Note1] (100 users): SR consumed PRB: 0.28PRB/sf; CQI consumed PRB: 0.83 PRB/sf; ACK/NAK consumed PRB: 2.22 PRB/sf


From the table above, the ratio of PUCCH-consumed resources goes relatively high when the number of active users increases and the utilization ratio of SR resources goes down.
It can also be noticed that the CQI is useful to assist the transmission within a short period of time, but it’s useless for the UE to send CQI if the subsequent packet arrives after tens of seconds, so actually the CQI resource is also partly wasted for the IM traffic and background traffic.
Considering that the requirement of DL/UL throughput from users is rapidly increasing, the radio resources will never be enough. Solutions for optimizing PUCCH usage should then be researched.
Observation 2: PUCCH occupies a big ratio of total system resources which will impact the user throughput significantly.
Proposal 1: RAN2 should consider the issue of low usage of PUCCH resources and discuss solutions for optimizing PUCCH usage.
3 Considerations for PUCCH optimization
In the previous meeting, some solutions were proposed aiming at PUCCH optimization. In this section we provide the analysis and comparison of these solutions and present some further considerations.
Following are the potential solutions proposed so far:
Alt 1: No specification efforts are needed, implementations based on current mechanism are enough, e.g. using flexible PUCCH configuration to fit for UE traffic, or using fast PUCCH release, or using aperiodic CQI to replace periodic CQI resource reservation. 
Alt 2: Extend the SR period or CQI period, and apply longer period configurations to save PUCCH resource consumption.
Alt 3: UE initiates the message to request PUCCH release depending on its internal information.
Alt 4: Mechanisms allowing smart sharing PUCCH resource among multiple users.
Alt 5: UE provides some traffic related information to assists eNB to adjust PUCCH configuration

In the following table we analyze the pros and cons of the above solutions:
	Alternative
	Pros
	Cons

	1
	No specification impacts
	Causing more RRC re-configuration signaling overhead.

Additional random accesses when UL data arrives but no PUCCH configuration.
Impact to DL channel estimation quality by using aperiodic CQI to replace periodic CQI when UE moves fast.

	2
	Fits for background traffic, increasing the PUCCH efficiency for SR and CQI.

Small specification impact.
	Possibly increased latency.

	3
	Small specification impact
	Need more RRC signaling overhead to reconfigure PUCCH in case new data arrives.
Additional random accesses when UL data arrives.

	4
	Increasing the capacity of SR
Ensuring the latency requirements
	Impacts to the system performance due to PUSCH collisions need further evaluations.

It causes wasted resource due to PUSCH collisions and useless re-transmissions.

It causes big latency to the UE who fail the PUSCH competition (unnecessary retransmission and waiting for new UL grant).
Introducing big system complexity (e.g. solving collisions, UL grant detection, re-transmission procedure ) and specification impacts (e.g. new RNTI, collision resolving procedure)

	5
	Small specification impact,
Easy to achieve, low complexity
	None (but details of the UE assistance information, and actual benefits, still unclear)


Considering that the provision of traffic relevant UE assistance information was agreed as a potential solution in the last meeting, and the potential high benefits VS low specification impact of solutions where the SR and/or CQI periods are modified but still controlled by the network (as in Alt 2), the following high level approach can be considered:
Alt 6. (UE assisted) PUCCH configuration with modified SR & CQI periods. 
This includes the case where SR and CQI periods are simply extended (as in Alt 2) but also the possibility for the network to define more advanced TDM structures where SR opportunities for a given UE are not only equally distributed in time but possibly concentrated in on/off periods (e.g. based on the UE assistance information on the traffic characteristics).
This solution increases the PUCCH capacity and enhances the system efficiency. It does not introduce additional signaling overhead and system complexity. The eNB can decide the best PUCCH configuration settings to fit the UEs’ traffic characteristics based on the UE assistance information. 
Proposal 2: RAN2 should discuss the above solutions and decide the potential alternatives.
4 Conclusions
Observation 1: the number of users who stay in RRC-connected mode simultaneously might be large in the near future.
Observation 2: PUCCH occupies a big ratio of total system resources which will impact the user throughput significantly.

Proposal 1: RAN2 should consider the issue of low usage of PUCCH resources and discuss solutions for optimizing PUCCH usage.
Proposal 2: RAN2 should discuss the above solutions and decide the potential alternatives.
5 References
[1]

R2-120545, ‘Evaluation of SR for background traffic’, Research In Motion UK Limited
[2]

R2-120189, ‘PUCCH evaluation for eDDA’, Nokia Siemens Networks
[3]

R2-120580, ‘PUCCH improvements for DDA’, Renesas Mobile Europe
[4]

R2-116280, ‘PUCCH Utilization for Background Traffic’, Intel Corporation
[5]

http://www.enfodesk.com/SMinisite/maininfo/articledetail-id-313130.html 











































































