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1. Introduction
For HSDPA, the HS-PDSCH subframe timing is delayed by 2 slots compared to the HS-SCCH subframe timing, which allows UEs to perform UE detection prior to receiving HS-PDSCH.  However, this timing misalignment results in inefficient HS-PDSCH power allocation, and HS-PDSCH throughput is not optimized.

Taking this experience into account, we propose to align the E-AGCH subframe timing with the HS-PDSCH subframe timing.  With such timing alignment, efficient HS-PDSCH power allocation can be achieved for Node B implementation which allows interaction between MAC-e and MAC-hs.
2. Background

2.1. HS-SCCH/HS-PDSCH timing relation
Figure 1 shows the timing relation between HS-SCCH and HS-PDSCH subframes   HS-SCCH subframe timing is aligned with the P-CCPCH frame timing, and the HS-PDSCH subframe timing is delayed by 2 slots compared to HS-SCCH.  This timing relation allows UEs to perform UE detection prior to receiving HS-PDSCH.
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Figure 1 – HS-SCCH/HS-PDSCH timing relation
2.2. Inefficient HS-PDSCH power allocation due to HS-SCCH/HS-PDSCH timing relation
MAC-hs at the Node B decides how much power it can allocate to HS-SCCH and HS-PDSCH, Phs, by estimating the required power for all channels excluding HS-SCCH and HS-PDSCH from their past activity.  Then, MAC-hs at the Node B decides to allocate the remaining power to each HS-PDSCH subframe after subtracting the HS-SCCH power (Phs-pdsch = Phs – Phs-scch).  However, as HS-SCCH is a shared channel and HS-SCCH power can vary drastically on a subframe basis, and since HS-SCCH and HS-PDSCH subframes are not time aligned, Phs can not be fully utilized.  This is illustrated in Figure 2.
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(a) Dynamic power sharing between HS-SCCH and HS-PDSCH

(b) Fixed power reserved for HS-SCCH


Figure 2 – Inefficient HS-PDSCH power allocation due to HS-SCCH/HS-PDSCH timing relation

In Figure 2a, the case where Phs is shared dynamically between HS-SCCH and HS-PDSCH is shown.  Since HS-PDSCH subframe1 overlaps in time with HS-SCCH subframe1 and HS-SCCH subframe2, and HS-SCCH subframe2 power is greater than HS-SCCH subframe1 power, the remaining power for HS-PDSCH subframe1 based on HS-SCCH subframe2 power, and Phs is not fully utilized during the 1st slot of HS-PDSCH subframe1.  In the same manner, Phs is not fully utilized during the 2nd and 3rd slot of HS-PDSCH subframe2 and the 1st slot of HS-PDSCH subframe3.
To dynamically share Phs between HS-SCCH and HS-PDSCH, allocation of HS-PDSCH subframe #n must be scheduled before processing data for HS-SCCH #(n-1), since HS-PDSCH subframe #(n-1) power is a function of HS-SCCH subframe #(n-1) power and HS-SCCH subframe #n power.  This timing requirement may be too strict depending on Node B scheduler implementation, and in such a situation, a fixed power must be reserved for HS-SCCH accounting for the worst case geometry UE.  In this case, as illustrated in Figure 2b, the amount of Phs that is not utilized increases.
3. Proposal

3.1. Aligning E-AGCH subframe timing with the HS-PDSCH subframe timing
Taking the issue described in section 2 in to account, we propose to have the E-AGCH subframe timing aligned with the HS-PDSCH subframe timing.  With such timing alignment, power allocated to HS-PDSCH subframe can be maximized.   Figure 3 illustrates this point by comparing the case when E-AGCH subframe timing is aligned with the P-CCPCH frame timing, and when E-AGCH subframe timing is aligned with the HS-PDSCH frame timing.  However, it must be noted that this advantage can be exploited only if Node B implementation allows interaction between MAC-e and MAC-hs.  Note, Figure 3 shows the case when a fixed power is reserved for HS-SCCH, and a common AG is used.
As shown in Figure 3a, when E-AGCH subframe timing is aligned with P-CCPCH, the amount of Phs that is not utilized further increases.  In the figure, as the common AG is transmitted for E-AGCH subframe1, but DTXed for E-AGCH subframe2, the amount of Phs that is not utilized further increases for the 2nd and 3rd slot of HS-PDSCH subframe1 and the 1st slot of HS-PDSCH subframe2.  In the same manner, the amount of Phs that is not utilized further increases for the 2nd and 3rd slot of HS-PDSCH subframe3.  For 2ms E-AGCH, it is shown in [1] that a common AG might consume more than 10% of the Node B power, and it is shown in [2] that a dedicated AG might consume more than 5% of the Node B power.  
On the other hand, as shown in Figure 3b, when E-AGCH subframe timing is aligned with HS-PDSCH, the amount of Phs that is not utilized does not increase any further.  However, this is only possible if MAC-e at the Node B estimates E-AGCH power beforehand, and communicates this to MAC-hs at the Node B.  In Figure 3b, MAC-e knows that it will transmit a common AG over E-AGCH subframe1, and it communicates MAC-hs the amount of power that will be allocated to E-AGCH subframe1 before MAC-hs transmits HS-SCCH subframe1 (before MAC-hs performs TFR selection for HS-PDSCH subframe1).  For dedicated AG, MAC-e must decide whether or not an AG will be transmitted, if so which UE it will transmit the AG to, and estimate the power that will be used for E-AGCH from the power allocated to the DPCH of the certain UE.
Although dynamic power sharing between E-AGCH and HS-PDSCH will not be possible if Node B implementation doesn’t allow interaction between MAC-e and MAC-hs, E-AGCH subframe timing should still be aligned with HS-PDSCH subframe timing for those Node Bs which allow interaction between MAC-e and MAC-hs.
[image: image3.wmf](a) E-AGCH subframe timing aligned with P-CCPCH frame (and HS-SCCH subframe) timing

(b) E-AGCH subframe timing aligned with HS-PDSCH
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Figure 3 – E-AGCH subframe timing: alignment with P-CCPCH frame timing vs HS-PDSCH subframe timing
4. Conclusion

In this contribution, we showed how HS-SCCH subframe and HS-PDSCH subframe timing misalignment leads to inefficient HS-PDSCH power allocation.  Taking this experience into account, we propose to align the E-AGCH subframe timing with the HS-PDSCH subframe timing.  With such timing alignment, efficient HS-PDSCH power allocation can be achieved for Node B implementation which allows interaction between MAC-e and MAC-hs.
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