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1 Introduction
This contribution regards the improvement of the uplink control resource as addressed by the WI eDDA [1]. In the last RAN2 #77bis meeting, low resource utilization ratio and high uplink control resource overhead has been discussed. 

In this contribution, the problem of the high uplink control resource overhead is discussed, and the possible solutions with UE assistant information are analyzed.  
2 Discussion

Problems of uplink resource utilization

In the last RAN2 #77bis meeting, we give an evaluation of the SR utilization ratio and PUCCH overhead for background and IM services [2]. From the simulation, it can be observed that 
1) Resource reserved for PUCCH is considerably large if small SR period is configured.
2) SR consumes considerably large number of UL resource in the case with large number of UEs.
3) SR utilization ratio is quite low especially for UEs running only background and IM traffic.

In the uplink, network operates synchronization for all UEs. Timing advance is transmitted from Network to UE to keep time alignment of all uplink transmission. Time alignment timer (TAT) is started when UE has received the timing Advance Command MAC control element from the network. According to the legacy LTE definition, the uplink transmission and resource reservation can be shown as Figure 1. 
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Figure 1 Illustration of UL data transmission and resource reservation
As shown in Figure 1, uplink and downlink resource is reserved for UE until TAT expired after its data transmission finished. According to [3], when TAT expires,

-
Flush all HARQ buffers;

-
Notify RRC to release PUCCH/SRS;

-
Clear any configured downlink assignments and uplink grants.
Between TAT expired and data transmission finished, uplink PUCCH, including resource for SR, CQI and ACK/NACK, is reserved for this user even it does not have any packet for transmission. Then, when inactive timer expired, network requests release RRC connection and let UE transit to idle mode for power saving. 
Due to the low SR utilization for background and IM service, it is advisable to release the uplink PUCCH resource immediately after data transmission finished. However, if there is packet arrival from the uplink or downlink, UE has to do RACH procedure to obtain uplink time advance value for synchronization. 
Possible solutions for uplink resource release

For the legacy LTE network, PUCCH resource allocation is controlled by the network. UE has to request for uplink resource and PUCCH resource release indicated by the network. To reduce the uplink PUCCH resource cost during the time between data transmission finished and TAT expired, two possible solutions with UE assistant information can be considered
· S1: Let UE transmit uplink packets of background and IM services always over PRACH, and do not allocate PUCCH resource

· S2: UE requests for uplink resource release if it is sure that there is not uplink packet arriving in long time
The analysis of these two possible solutions is given in Table 1

Table 1 Analysis of the two possible solutions
	Solutions
	Pros
	Cons
	Extract UE operation needed

	S1
	No PUCCH resource needed
	1) UE has to do RACH procedure for each data transmission
2) Large data transmission latency may be induced

3) RACH conflict may be increase
	UE has to know its traffic type to decide over which resource (PUSCH or PRACH) to transmit the packet

	S2
	1) Save PUCCH resource
2) Normal packet transmission latency if packet inter-arrival time is not large enough for UE to release PUCCH resource
	1) UE report is needed to let network know its traffic transmission status
2) UE has to do RACH procedure if PUCCH is released 
	UE has to know the packet IAT information to predict the arrival time of the following packet


With the traffic profile, UE has the exact information for uplink resource request and release. The above two possible solutions can largely reduce the time during which one UE reserves the unused PUCCH resource. However, the selection of these two solutions depends on the traffic information that UE can achieve. Moreover, due to the high conflict possibility of solution 1, whether performance gain can be achieve over the normal uplink transmission method needs to be evaluated, especially for large number of UEs. 
Proposal 1: To reduce the uplink PUCCH resource cost during the time between data transmission finished and TAT expired, two possible solutions can be consider
· S1: Let UE transmit uplink packets of background and IM services always over PRACH, and do not allocate PUCCH resource

· S2: UE requests for uplink resource release if it is sure that there is not uplink packet arriving in long time

Proposal 2: RAN2 has to make sure the kind of traffic information that UE can achieve firstly, then to discuss which solution should be chosen
Proposal 3: The performance gain of always RACH solution (S1) needs to be evaluated, especially for large number of UEs.
3 Conclusion
In this contribution, we discussed the problem of the high uplink control resource overhead, and analyzed the possible solutions with UE assistant information. We propose,

 Proposal 1: To reduce the uplink PUCCH resource cost during the time between data transmission finished and TAT expired, two possible solutions can be consider

· S1: Let UE transmit uplink packets of background and IM services always over PRACH, and do not allocate PUCCH resource

· S2: UE requests for uplink resource release if it is sure that there is not uplink packet arriving in long time

Proposal 2: RAN2 has to make sure the kind of traffic information that UE can achieve firstly, then to discuss which solution should be chosen

Proposal 3: The performance gain of always RACH solution (S1) needs to be evaluated, especially for large number of UEs.
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