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1
Introduction
LCR TDD HSUPA applies power control on E-PUCH channel and subsequent scheduling grant based on a virtual quantity Pe-base. This contribution discuss the potential issues for this approach and motivates the need for an enhanced solution to optimize the LCR TDD HSUPA performance.
2
Problem description
2.1
Basic scheduling procedure
An overview of data rate and over-the-air resource allocation process for LCR TDD HSUPA is shown in the figure below.  
· The UE needs to first send a request to node B to include information on its power headroom, buffer size, and flow QoS class on E-RUCCH channel upon initiation.  
· Based on request information from UEs in the cell, the node B uplink scheduler makes resource grant decision and communicate this to the UEs in terms of E-PUCH (data channel) and E-HICH (downlink ACK for uplink traffic H-ARQ process) channel allocation as well as the maximum payload and modulation format allowed.  
· The scheduled UE then proceeds with data transmission upon the grant and proceed with the request/grant process, where the request could be embedded via E-UCCH channel multiplexed together with uplink HSUPA traffic transmission.  
· The NB feedbacks ACK/NAK to UE via E-HICH upon reception of E-PUCH transmission.
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2.2
Problems description
In LCR TDD HSUPA specification [3], Pe-base is a closed-loop quantity controlled by NodeB with the fixed step size. The definition of Pe-base is the reference desired E-PUCH RX power, i.e. the required signal power at the reference code rate with the expected BLER(for example, 10%). In fact, it can be expressed in dB domain as

Pe-base= ISCPUL + SNRdes + Ω

Where Ω is a constant factor, SNRdes is the required SNR for NodeB decoding with the expected initial transmission BLER, and ISCPUL is the interference power over the uplink timeslot configured for E-DCH use.

There are a few issues with the existing power control mechanism. The 1st problem is the slow tracking of Pe-base compared to rapidly changing ISCPUL. According to the system simulation and field trial results, ISCPUL has a serious fluctuation, especially when the whole E-PUCH timeslot is allocated to one UE. The probability of E-PUCH CRC error depends on its RSCP (received signal power) and ISCPUL. In order to maintain a desired CRC error probability, Pe-base must be quickly adjusted with the change of ISCPUL to get a reasonable C/I or SNR. In implementation, Pe-base should track the change of ISCPUL. While in current standard, Pe-base can only be incremented or decremented by a fixed step size, which makes it hard for Pe-base to track the rapid change of ISCPUL. Consequently, as Pe-base deviates from the value it should be, UE reports an improper UPH and NodeB schedules an improper power grant. According to its definition
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Where Pmax denotes the maximum allowed transmit power of UE, and PL denotes the serving cell path loss. Assuming Pe-base is well synchronized between UE and NodeB, it can be seen that

· When Pe-base is higher than it should be, UE reports a lower UPH and NodeB allocates smaller gain factor, then lower code rate E-PUCH is transmitted at UE, which results in poor power usage and lower traffic throughput. 

· When Pe-base is lower than it should be, UE reports a higher UPH and NodeB allocates larger gain factor, then higher code rate E-PUCH is transmitted at UE, which results in high block error of E-PUCH.

The root cause is that, NodeB is aware of the change of UL ISCP while UE cannot get it immediately.

The 2nd problem is that the slow tracking of Pe-base due to channel variation and corresponding TPC errors. Here even if we assume that ISCPUL is kept constant, when the uplink transmission experiences a good channel condition, NodeB get high SNR estimate and a ‘Down’ TPC command follows to decrese Pe-base; otherwise, a ‘Up’ TPC command to increase Pe-base.  However, once a TPC command is mistaken, the reference Pe-base kept at UE and node B would be different, resulting in more conservative data rates scheduled to the given UE. 
Thus, considering the above problems, and taking into consideration the long period of power control due to limited code dimension in uplink, fixed and small step size and the variation speed of channel fading and ISCPUL fluctuation, current LCR TDD HSUPA power control mechanism can be improved to achieve better throughput performance.
3
Potential approaches
A potential approach to improve the LCR TDD HSUPA performance is to remove the definition of Pe-base .  In this case, the definition of power headroom at UE is changed as the maximum allowed transmit power Pmax relative to the serving cell path loss PL in UE, indicating the maximum received power at NB if the maximum allowed transmit power at UE is employed, i.e. 
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A rate-control based scheduling mechanism instead of current power-control based one is implemented at NodeB with details below: 

· The UE sends a request to node B to include information on its power headroom, buffer size, and flow QoS class on E-RUCCH channel upon initiation, or on SI within E-PUCH, where the new definition of UPH is adopted.  
· Based on request information from UEs in the cell, the node B uplink scheduler makes resource grant decision and communicate this to the UEs in terms of E-PUCH and E-HICH allocation based on pathloss, SNPL, ISCP of E-PUCH timeslot and estimated channel fading, where the grant decision includes E-TFCI(code rate and modulation), code resource, the ratio of intended transmit power to power limit, and HARQ process related information.
· The scheduled UE then transmits E-PUCH upon the grant and proceed with the request/grant process, where the request could be embedded via E-UCCH channel multiplexed together with uplink HSUPA traffic transmission. Note that E-TFCI is carried in E-AGCH other than E-UCCH, and the transmit power is decided by the ratio of intended transmit power to power limit carried in E-AGCH.
· The NB feedbacks ACK/NAK to UE via E-HICH upon reception of E-PUCH transmission.
4   
Conclusion and recommendation
The existing problems of current power-control based scheduling are discussed, and a potential new approach is suggested as a fix.  We propose the working group to establish a work item to develop solutions in this area.
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