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1
Introduction

In [1], the motivation behind Multi-point HSDPA (MP-HSDPA) deployments was discussed, along with simulation results. Further simulation results showed ([2], [3]) significant gains for various MP-HSDPA schemes. In [2], HS-DPCCH timing related issues were also raised. In this contribution, we elaborate on the HS-DPCCH timing issue as well as the increased power consumption issue.

2
Impact to HS-DPCCH Timing

HSPA system is asynchronous in nature, so slot boundaries for any two cells do not coincide. Moreover, clocks at different cells could have different sources and thereby can drift relative to each other. Hence, the HS-DPCCH timeline on the Uplink needs to be defined for MP-HSDPA capable UEs. Since CQI timelines are fully defined by ACK timelines, we concentrate on ACK timelines here.

ACK timelines are well-defined in 3GPP TS 25.211. The UE transmits ACK 7.5 slots after receiving the HS-PDSCH sub-frame. When MP-HSDPA is deployed and the UE reports ACKs from serving and secondary serving cells using the Rel-8 format, timelines need to be compressed either at the UE (for ACK generation) or at the Node-B (for ACK decoding).

Figure 1 shows an example case for the timeline. Figure 1 is a simplified version of the channel timing diagram shown in the Appendix (Figure 4). Here the UE’s uplink is synchronized to the serving cell’s DPCH/F-DPCH frame boundary and the secondary serving cell’s P-CCPCH frame boundary is, say, 1.5 slots after the serving cell’s P-CCPCH frame boundary. As shown in the figure, the ACK for subframe 0 of the serving cell starts 7.5 slots after the end of subframe 0 of the serving cell. Assuming that 6 HARQ processes are configured, the Node-B would have 4.5 slots to decode the ACK received. Note that this is the worst case in terms of Node-B timing. Sub-frames have been labeled 0 to 5 for both cells without loss of generality.
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Figure 1: Pairing Subframe 0 of serving cell with Subframe 0 of secondary serving cell. ACK Timeline compressed at UE alone (see red text).
The UE needs to send ACK in Rel-8 format. So, it has to pair one subframe from serving cell and one from the secondary serving cell in order to generate the composite ACK in Rel-8 format. If, as shown in Figure 1, the UE pairs subframe 0 of serving cell with subframe 0 of secondary serving cell,  the UE would have 6 slots in which to generate the ACK for subframe 0 on the secondary serving cell, and the secondary serving cell would have 6 slots to decode the ACK received. This kind of pairing would compress the ACK timeline at the UE for secondary serving cell, while relaxing the ACK decoding timeline at the secondary serving cell. This would therefore suit Node-B deployments where the ACK timeline cannot be compressed.
On the other hand, if Node-B timelines can be compressed, then subframe 0 of serving cell can be paired with subframe 5 of the secondary serving cell. The UE would now have 9 slots to generate the ACK for the secondary serving cell, while the secondary serving cell would have 3 slots to decode this ACK. Figure 2 shows this pairing option. 
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Figure 2: Pairing subframe 0 of serving cell with subframe 5 of secondary serving cell. ACK Timeline compressed at Node-B alone (see red text).
In a third option, the timeline of HS-DPCCH at the UE can be changed (essentially the value of parameter “m” in Figure 4 of Appendix) so as to distribute the burden of early ACK generation and decoding between the UE and Node-B. This is shown in Figure 3. Here, timeline related burden is distributed between the Node-B and UE. 
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Figure 3: Pairing subframe 0 of serving cell with sub-frame 0 of secondary serving cell, delaying HS-DPCCH timeline at the UE by 1 slot. ACK Timeline burden shared by both UE and Node-B (see red text).
Given these possibilites, the signaling solution to handle the ACK timelines at the UE and Node-B could be summarized as: 

Depending upon the compressability of the timelines at the UE and Node-B, the RNC will inform the UE of the subframe pairing and HS-DPCCH timing through an RRC message. In addition, through an NBAP message, the RNC will inform the serving and secondary serving cell of the timeline for ACK, so that the serving and secondary serving cells can decode and associate this ACK to the appropriate subframe transmitted.  

When clocks at the serving and secondary serving cells drift, it is possible that the beginning (or the end) of subframe “n” of secondary serving cell is no longer within the subframe 0 of the serving cell. In other words, subframe pairing at the UE needs to be updated. Signaling is needed to overcome this problem. In legacy systems, the UE sends a measurement report to the UTRAN notifying it of events 6F/6G as below:

TS 25.331

14.5.2.6, Reporting event 6F: The UE Rx-Tx time difference for a RL included in the active set becomes larger than an absolute threshold

When this event is ordered by UTRAN in a MEASUREMENT CONTROL message, the UE shall send a MEASUREMENT REPORT message when the UE Rx-Tx time difference becomes larger than the threshold defined by the IE "UE Rx-Tx time difference threshold". 

14.5.2.7, Reporting event 6G: The UE Rx-Tx time difference for a RL included in the active set becomes less than an absolute threshold 

When this event is ordered by UTRAN in a MEASUREMENT CONTROL message, the UE shall send a MEASUREMENT REPORT when the UE Rx-Tx time difference becomes less than the threshold defined by the IE "UE Rx-Tx time difference threshold"

Similar to the above, the following solution could be adopted:

The UE sends a measurement report whenever the HS subframe mis-alignment happens. For this purpose, new events will need to be defined whenever the subframe time difference exceeds a threshold. The RNC will then inform the UE of the timeline and updated subframe pairing it needs to use for the ACK on the uplink. The RNC will also inform the serving and secondary serving cells of the updated ACK timeline it needs to use.
3
HS-DPCCH Power for Multi-point transmissions

In Rel-8 HSDPA, since the two cells on which a UE is scheduled are co-located, the Node-B knows how many carriers a UE has been scheduled on. For instance, if a UE is scheduled on serving cell alone, the Node-B knows that the ACK received can only be from two codewords (all zeros or all ones) or DTX. Similarly, if the UE is scheduled on both carriers, it expects the ACK codeword received to be among the 4 dual codewords or DTX. Given this knowledge, the ACK C2P on the UL can be reduced.

However, for multi-point HSDPA transmissions where the serving and secondary serving cell do not belong to the same Node-B or Remote Radio Head (RRH), there is no way for one serving cell to know on a TTI-by-TTI basis if the other cell has transmitted a packet to the UE. Hence, it is necessary for the UE to always send ACK information as a paired codeword. So, the ACK power-offsets (C2P) used on UL will be higher for such multi-point HSDPA deployments. However, as traffic is typically bursty, and multi-point deployments typically reduce download time, this higher ACK C2P need not necessarily affect overall UL performance or UE battery life. 
4
Conclusions

In this contribution, we discussed further the impacts of Multi-point HSDPA deployment on HS-DPCCH timing and power consumption. 

Given the asynchronous nature of HSPA system, whenever multi-point HSDPA is deployed, the RNC needs to signal to the UE what subframe pairing to use. The RNC also needs to signal to serving and secondary serving cells which subframe to associate the received ACK to. Also, new events will need to be defined for the case when subframe time difference exceeds a threshold (possible due to clock-drift). RNC will need to signal to the UE the updated subframe pairing and inform the serving cells of the new ACK timeline.
ACK power-offsets used for Multi-point HSDPA will be higher that for Rel-8 DC-HSDPA transmissions. This is not necessarily a problem, as downloads will finish faster (since traffic is typically bursty) and UL power consumption over a period of time will not necessarily be higher with Multi-point HSDPA than without it. 
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Figure 4: Detailed Timing Diagram. Figure 1 is based on this diagram
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