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1 Introduction
At RAN#53 plenary meeting, a work item on multi-flow HSDPA transmissions allowing a UE to receive data transmission from multiple sectors simultaneously was opened. In contrast to the multi-carrier features previously specified within 3GPP - where all transmissions occur on the same sector - a multi-flow UE can receive data from different sectors possibly belonging to different sites. During RAN1#66bis meeting, it was agreed that MF-HSDPA should be supported in combination with 2x2 MIMO. There, a discussion on possible multi-flow configurations also took place and later continued on the HSPA e-mail reflector as well as during RAN1#67. In this contribution, we discuss the downlink timing for the different cells and also share our view on the supported multi-flow configurations.
2 Discussion
For multi-flow HSDPA it will be necessary to support deployments where cells belong to different sectors, which, in turn, may belong to different sites. One consequence of this is that the transmissions on the different cells can be associated with different downlink timing. UMTS is non-synchronized and therefore different sites will have different timing. This will result in that the downlink timing used for multi-carrier operation can not be reused. Furthermore, different cells belonging to the same site are usually configured with timing delays, e.g., to reduce the acquisition delay.  

Timing delay between cells belonging to different sectors

The timing delay Tcell, which specifies the relative time difference between the BFN and SFN, and thus when the P/S-SCH are transmitted, is configured by the C-RNC via the CELL SETUP REQUEST sent over NBAP. The granularity of the timing delay is 256 chips, which corresponds to 1/10th of a slot (the SCH burst duration). This allows the network to ensure that P/S-SCH transmissions associated with different cells belonging to the same NodeB do not overlap. 
To ensure that the legacy performance is not impacted, it shall be possible to use different timing delays for the cells with which a multi-flow HSDPA UE is configured. Note that same timing delay for all cells is thereby also allowed.

Proposal 1: The design of multi-flow HSDPA shall not make any assumptions on the timing delay Tcell between cells belonging to different sectors.
Timing delay between cells belonging to the same sector

In the case where multi-flow HSPDA transmission is used in combination with multi-carrier transmission (e.g. DF-QC HSDPA, as illustrated in Figure 1), it seems reasonable to require that the timing of all cells belonging to the same sector coincides. This would furthermore be required to ensure that the cells in a certain sector can support multi-carrier and multi-flow HSDPA UEs simultaneously.
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Figure 1: Dual-Frequency Quad-Cell HSDPA (DF-QC HSDPA) transmissions.
Proposal 2: The design of the multi-flow HSDPA shall assume that all cells belonging to the same sector have identical downlink timing.
Supported configurations

During RAN1#66bis meeting, first discussions were initiated on supported multi-flow configurations. These were later continued on the 3GPP_TSG_RAN_WG1_HSPA e-mail reflector as well as during RAN1#67 meeting. As shown in R1-120340, rank-1 MIMO transmission for multi-flow HSDPA brings an improved mean user throughput compared to SIMO communication. It was agreed during RAN1#67 to support case 1-4 in [4] for non-MIMO users. Taking the improved performance due to rank-1 MIMO transmission into account, we propose to extend the support to MIMO users as well. This is summarized in the following proposal.

Proposal 3: The intra- and inter-site Single Frequency Dual Carrier (SF-DC) HSDPA configurations illustrated in Figure 2 as well as the intra- and inter-site Dual Frequency Quad Carrier (DF-QC) HSDPA configurations illustrated in Figure 3 are supported, both for non-MIMO and MIMO users.
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Figure 2: Intra- and inter-site SF-DC configurations.
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Figure 3: Intra- and inter-site DF-QC configurations.
Another question that RAN1 needs to confirm (implicitly assumed in Figure 2 and 3) is the total number of sectors that can be configured. In general, we would expect that the incremental gain reduces with the number of sectors wherefrom transmission can occur. At the same time, the complexity will increase.

Proposal 4: Confirm that the configured cells for multi-flow HSDPA operation at most can be spread across two sectors.
3 Conclusions
This contribution discussed the downlink cell timing and supported configurations for multi-flow HSDPA transmissions. It is proposed:

Proposal 1: The design of multi-flow HSDPA shall not make any assumptions on the timing delay Tcell between cells belonging to different sectors.
Proposal 2: The design of the multi-flow HSDPA shall assume that all cells belonging to the same sector have identical downlink timing.
Proposal 3: The intra- and inter-site Single Frequency Dual Carrier (SF-DC) HSDPA configurations illustrated in Figure 2 as well as the intra- and inter-site Dual Frequency Quad Carrier (DF-QC) HSDPA configurations illustrated in Figure 3 are supported, both for non-MIMO and MIMO users.
Proposal 4: Confirm that the configured cells for multi-flow HSDPA operation at most can be spread across two sectors.
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