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1. Introduction
RAN1#67 agreed the following [1]:

· The HS-DPCCH design for HSDPA Multiflow does not reduce the Node B processing time from HARQ-ACK to HS-SCCH for neither the assisting cell nor the cell being assisted, for both MIMO and non-MIMO cases.

RAN1#68 in February 2012 made build on that, and made the following agreements related to the HS-DPCCH timing design for Multiflow [2]:
· Single HS-DPCCH will be used for multiflow. 

· Introduce a new UE capability bit to indicate that the UE does / does not require an additional HARQ process and supports a larger soft buffer in order to support single-stream MIMO with Multiflow

· Introduce a new UE capability bit to indicate that the UE does / does not require an additional HARQ process and supports a larger soft buffer in order to support dual-stream MIMO with Multiflow

Further a proposal and a corresponding draft CR along the lines above was presented in RAN1#68bis [3, 4], and the following agreements were taken [5]:

Agreement:

For updating of cell pairing:

· UE reports information regarding the time difference of the links

· details of triggers and signalling to be decided in RAN2

· RNC can reconfigure the downlink timing reference

Agreements:

· The HS-DPCCH timing is determined by an offset from one downlink 

· The HS-DPCCH timing follows the Rel-5 rules relative to the downlink acting as the time reference

· There non-time reference link follows the HARQ-ACK timing as depicted in Figure 1 [of reference 3] for Multiflow without MIMO case

· The devices capable of and configured for simultaneous Multiflow and MIMO operation and not requiring additional processing time for HARQ-ACK generation follow the same timing rules as Multiflow without MIMO case.

· Working assumption: The devices capable of and configured for simultaneous Multiflow and MIMO operation at least in the non-time reference cell and requiring additional processing time for HARQ-ACK generation follow the same timing rules as Multiflow without MIMO case, with the exception that the HARQ-ACK of the non-time reference cell being transmitted one HS-DPCCH sub-frame later – FFS exactly how to capture this in the spec.

· Revisit at RAN1#69 to consider whether there are benefits to keeping the reference cell unchanged while its HARQ-ACK timing becomes one subframe later when 7 HARQ processes are configured. 

This document makes a further attempt and detailing out a timing definition for HS-DPCCH when the UE is in Multiflow mode and suggest a way to introduce this in the standard.

2. Multiflow channel timings
2.1
General case 
Figure 1 depicts the HSDPA Multiflow channel timings as seen in the UE, where cell 1 acts as the time reference. This timing was agreed as the timing approach RAN1#68bis for Multiflow without MIMO [5]. A range of 0…1.5 slots with some additional margin to accommodate for drift and propagation delay differences would lead to the least reduction in HARQ processing latency.
Proposal 1: The UE may assume that the non-time reference cell’s HS-PDSCH subframe follows the corresponding time reference cell’s HS-PDSCH subframe boundary by τDIFF chips, where -Δ ≤ τDIFF ≤ 3840+Δ.
This leads to

· 5 ms processing time for the time reference cell

· At least 4 ms (-Δ) processing time for the non-time reference cell

Consequence: The network needs to always pick the time reference cell based on the cell’s timing relation to satisfy the above requirement, and if the cell timings drift so that τDIFF > 3840+Δ chips the network needs to swap the time reference cell, or the UE may not be able to receive the non-time reference cell’s HSDPA transmissions or provide HARQ-ACK feedback to them.
Observation: For intra-site Multiflow τDIFF = Tcell(non-time reference cell) – Tcell(time reference cell)
A possible value for delta could 148 chips to follow the DL DCH combining window. If in soft handover the DL DCH timings as observed by the UE differ more than 148 chips the DCH combaining may not work anymore, and the network is expected to adjust one or other DCH timing by 256 chips to stay within the combining window.
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Figure 1: Channel timings in a non-MIMO case, and in a MIMO case when delayed HARQ-ACK processing is not in use
2.2
Case MIMO + Multiflow with delayed HARQ-ACK latency
RAN1#68 made the following MIMO HS-DPCCH timing related agreements [3]:
· Introduce a new UE capability bit to indicate that the UE does / does not require an additional HARQ process and supports a larger soft buffer in order to support single-stream MIMO with Multiflow

· Introduce a new UE capability bit to indicate that the UE does / does not require an additional HARQ process and supports a larger soft buffer in order to support dual-stream MIMO with Multiflow

Further, RAN1#68bis made the following agreement and working assumption [5]:

· Agreement: The devices capable of and configured for simultaneous Multiflow and MIMO operation and not requiring additional processing time for HARQ-ACK generation follow the same timing rules as Multiflow without MIMO case.
· Working assumption: The devices capable of and configured for simultaneous Multiflow and MIMO operation at least in the non-time reference cell and requiring additional processing time for HARQ-ACK generation follow the same timing rules as Multiflow without MIMO case, with the exception that the HARQ-ACK of the non-time reference cell being transmitted one HS-DPCCH sub-frame later – FFS exactly how to capture this in the spec.

· Revisit at RAN1#69 to consider whether there are benefits to keeping the reference cell unchanged while its HARQ-ACK timing becomes one subframe later when 7 HARQ processes are configured. 
Figure 2 is repeating the proposal in [3], and it suggests that if the UE indicates the delayed HARQ-ACK processing need with Multiflow+MIMO, the HARQ-ACK is delayed the non-time reference cell, if that cell is in MIMO mode.

Proposal 2: The devices capable of and configured for simultaneous Multiflow and MIMO operation at least in the non-time reference cell and requiring additional processing time for HARQ-ACK generation follow the same timing rules as Multiflow without MIMO case, with the exception that the HARQ-ACK of the non-time reference cell being transmitted one HS-DPCCH sub-frame later.
This leads to

· 5 ms processing time for the time reference cell

· At least 6 ms (-Δ) processing time for the non-time reference cell
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Figure 2: Channel timings in case of simultaneous operation of Multiflow and MIMO at least in Cell2 and the UE indicating the need for delayed HARQ-ACK processing.

3.
Conclusions
This document makes the following proposals with regard to the HS-DPCCH timing in Multiflow environment:

Proposal 1: The UE may assume that the non-time reference cell’s HS-PDSCH subframe follows the corresponding time reference cell’s HS-PDSCH subframe boundary by τDIFF chips, where -Δ ≤ τDIFF ≤ 3840+Δ.

Proposal 2: The devices capable of and configured for simultaneous Multiflow and MIMO operation at least in one cell and requiring delayed HARQ-ACK generation follow the same timing rules as Multiflow without MIMO case, with the exception that the HARQ-ACK of the non-time reference cell being transmitted one HS-DPCCH sub-frame later.
It is further suggested that a good candidate value for Δ could be 148 chips.

With these proposals the UE HARQ-ACK processing times for different cases are:

	
	General case
	Delayed ACK for MIMO

	Time reference cell
	5 ms
	5 ms

	Non-time reference cell
	4 ms -Δ
	6 ms -Δ


A Δ of 148 chips would correspond to 0.039 ns
For reference:

· Rel-5 non-MIMO HSDPA and Rel-7 2x2 MIMO HSDPA HARQ-ACK processing time is 5 ms 

· Rel-8 LTE 4x4 MIMO and Rel-10 8x8 MIMO HARQ-ACK processing time is 3 ms.
A draft CR text is provided in Annex A, and the same text is included in the draft 25.211 CR for introduction of Multiflow.
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Annex A – HS-DPCCH timing [25.211]
7.7
Uplink DPCCH/HS-DPCCH/HS-PDSCH timing at the UE
7.7.1
Timing when Multiflow is not configured
Figure 34 shows the timing offset between the uplink DPCH, the HS-PDSCH and the HS-DPCCH at the UE. An HS-DPCCH sub-frame starts 
[image: image3.wmf]256

´

m

 chips after the start of an uplink DPCH frame that corresponds to the DL DPCH or F-DPCH frame from the HS-DSCH serving cell containing the beginning of the related HS-PDSCH subframe with m calculated as 

m = (TTX_diff /256 ) + 101
where TTX_diff is the difference in chips (TTX_diff =0, 256, ....., 38144), between 

· the transmit timing of the start of the related HS-PDSCH subframe (see sub-clauses 7.8 and 7.1) 

and 

· the transmit timing of the start of the downlink DPCH or F-DPCH frame from the HS-DSCH serving cell that contains the beginning of the HS-PDSCH subframe (see sub-clause 7.1).
At any one time, m therefore takes one of a set of five possible values according to the transmission timing of HS-DSCH sub-frame timings relative to the DPCH or F-DPCH frame boundary. The UE and Node B shall only update the set of values of m in connection to UTRAN reconfiguration of downlink timing.
More information about uplink timing adjustments can be found in [5].
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Figure 34: Timing structure at the UE for HS-DPCCH control signalling
7.7.2
Timing when Multiflow is configured
Figure 34a shows the timing offset between the uplink DPCH, the HS-PDSCHs and the HS-DPCCH at the UE when the UE is configured with Multiflow. The uplink DPCH, the HS-PDSCH of the timing reference cell, and uplink HS-DPCCH follow the same rules as defined for the non-Multiflow case in section 7.7.1. The timing relationship between the non-timing reference cell’s HS-PDSCH and HS-DPCCH is derived from HS-PDSCH frame timing difference (DIFF of the two cells, where [-148] ≤ (DIFF ≤ [3988] chips.
The cell acting as the timing reference cell for HS-DPCCH is indicated by higher layers.
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Figure 34a: Timing structure at the UE for HS-DPCCH control signalling with Multiflow
If the UE is configured in MIMO mode in a cell that is not the time reference cell, and the UE indicated requiring a delayed HARQ-ACK in Multiflow mode with MIMO, then the HARQ-ACKs for the non-time reference  all cells configured in MIMO mode are delayed by one HS-DPCCH subframe (7680 chips) as shown in figure 34b. For the purposes of CQI reporting and Uplink DTX and Downlink DRX timing calculation the HS-PDSCH to HS-DPCCH subframe relation according to figure 34a.
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Figure 34b: Timing of delayed HARQ-ACK with Multiflow, when the UE is configured in MIMO mode in any cell, and the UE indicated requiring an increased HARQ-ACK-latency in Multiflow mode
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