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1. Introduction
RAN1#68 in February 2012 discussed briefly of the compatibility of DRX and HSDPA Multiflow. A good overview of the problematic can be found in section 3 of [1].
2. 
Multiflow and DL DRX
The Release-7 DL DRX timing is defined by introducing a CFN_DRX that is derived from the CFN as defined for the uplink transmission. A HS-SCCH discontinuous reception radio frame is 10 ms long and is indexed using CFN_DRX [3], see also Annex B of this document for convenience:
The start of the HS-SCCH discontinuous reception radio frame of CFN_DRX n is aligned with the start of the HS-SCCH subframe that starts τDRX chips after the start of the associated downlink F-DPCH of CFN n where   
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We consider two possible approaches to expand this to be compatible with Multiflow:
1. Define the CFN_DRX independently for the two cells’ HS-SCCH timings

2. Define the CFN_DRX only to the cell that is used as the timing reference for the HS-DPCCH, and derive the DRX timing of the other cell from the CFN_DRX from the timing reference cell.

Even though both options should be feasible, the option 2 would seem more easily compatible with the existing DL DRX definitions, given that the CFN_DRX  is used to derive a DTX pattern to HS-DPCCH, and with just one HS-DPCCH timing there can’t be two CFN_DRX timings without complications.
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Figure 1: Channel timings in a non-MIMO case and in a MIMO case if  increased HARQ-ACK processing latency is not needed, as proposed in [2].
Looking at figure 1, the CFN_DRX is defined for the link that acts as the time reference for the HS-DPCCH according to Release 7 rules. The HS-PDSCH to HS-DPCCH mappings for the two downlink create a natural linkage between the two HS-PDSCHs as well, and this can be used to derive the DL DRX timing for the link that is not the time reference.
Proposal 1: The DL DRX operation for the time reference cell follows the same rules as defined for Rel-7…Rel-10

Proposal 2: The DL DRX operation for the non-time reference cell uses the figure 1 linking to derive the DRX timing from the time reference cell.

Proposal 3: The proposal 2 holds also for the MIMO case where increased HARQ-ACK latency is needed.
3.
Conclusions

This document makes the following proposals with regard to the simultaneous operation of Multiflow and MIMO:

Proposal 1: The DL DRX operation for the time reference cell follows the same rules as defined for Rel-7…Rel-10

Proposal 2: The DL DRX operation for the non-time reference cell uses the figure 1 linking to derive the DRX timing from the time reference cell.

Proposal 3: The proposal 2 holds also for the MIMO case where increased HARQ-ACK latency is needed.
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Annex A: Multiflow channel timings as proposed in [2]

A.1
General case
Figure 1 depicts the HSDPA Multiflow channel timings as seen in the UE. The two HS-DSCH packets received on non-time-aligned HS-PDSCH sub-frames are acknowledged in the corresponding HS-DPCCH subframe’s HARQ-ACK field. The UL HS-DPCCH timing is derived from HS-PDSCH timing of Cell#1. The corresponding HS-PDSCH subframe of cell#2 is later in time than the cell#1 subframe.
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Figure A1: Channel timings in a non-MIMO case

The range of τDIFF has not yet been decided. From the system perspective it would be convenient if it was 0…3 slots (7680 chips) with some additional margin to enable the system to react to drifting. However, such a range may lead to unnecessarily large reduction of the UE processing time for HS-PDSCH of Cell#2. Thus a range of 0…1.5 slots with some additional margin in both ends for drift management may be more desirable.

A.2
Case MIMO + Multiflow with increased UE processing time

RAN1#68 made the following MIMO HS-DPCCH timing related agreements:

· 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
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Figure A2: Channel timings in case of simultaneous operation of Multiflow and MIMO at least in Cell2 and the UE indicating the need for increased HARQ-ACK processing latency.

Annex B: Discontinuous downlink reception [3]
6C.3
Discontinuous downlink reception

The HS-SCCH reception pattern is derived from a discontinuous reception subframe numbering as follows.

The discontinuous HS-SCCH reception subframe numbering is such that:

-
A HS-SCCH discontinuous reception radio frame is 10 ms long and is indexed using CFN_DRX.

-
The start of the HS-SCCH discontinuous reception radio frame of CFN_DRX n is aligned with the start of the HS-SCCH subframe that starts (DRX chips after the start of the associated downlink F-DPCH of CFN n where 
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-
The HS-SCCH subframe S_DRX=0 is aligned with the start of the HS-SCCH discontinuous reception radio frame. The HS-SCCH subframes are numbered S_DRX=0 to S_DRX=4.

-
The HS-PDSCH discontinuous reception radio frame of CFN_DRX n starts (HS-PDSCH chips after the start of the HS-SCCH discontinuous reception radio frame of CFN_DRX n. The HS-PDSCH subframe S_DRX=0 is aligned with the start of the HS-PDSCH discontinuous reception radio frame. The HS-PDSCH subframes are numbered S_DRX=0 to S_DRX=4.

-
The HS-DPCCH discontinuous transmission radio frame of CFN_DRX n starts at the HS-DPCCH subframe boundary closest in time to 1280 chips after the start of the HS-SCCH discontinuous reception radio frame of CFN_DRX n as received at the UE. The HS-DPCCH subframe S_DRX=0 is aligned with the start of the HS-DPCCH discontinuous transmission radio frame. The HS-DPCCH subframes are numbered S_DRX=0 to S_DRX=4.

The HS-SCCH reception pattern is the set of subframes whose HS-SCCH discontinuous reception radio frame number CFN_DRX and subframe number S_DRX verify:

((5*CFN_DRX - UE_DTX_DRX_Offset + S_DRX ) MOD UE_DRX cycle) = 0

When DL_DRX_Active is FALSE (see section 6C), the UE shall monitor and receive all downlink physical channels continuously.

When DL_DRX_Active is TRUE (see section 6C), the UE shall continue to receive F-DPCH as described in sub-clause 5.1 and the UE need not receive physical downlink channels other than the F-DPCH except for the following cases:

1. The UE shall receive E-HICH (sub-)frame corresponding to an E-DCH transmission as specified in subclause 6B.

2. The UE shall monitor the HS-SCCH subframes in the HS-SCCH reception pattern.

3. The UE shall receive an HS-PDSCH subframe as specified in sub-clause 6A.

4. The UE has received an HS-SCCH or an HS-PDSCH subframe during the last Inactivity_Threshold_for_UE_DRX_cycle subframes which was not an HS-SCCH order.

5. The UE shall monitor E-AGCH transmission from the serving E-DCH cell in the following cases:

· If UE_DRX_Grant_Monitoring is TRUE and the E-AGCH subframe (in case of a 2ms TTI) or frame (in case of a 10ms TTI) overlaps with the start of an HS-SCCH reception subframe as defined in the HS-SCCH reception pattern,

· When conditions defined in subclause 11.8.1.8 of [9] are fulfilled.

6. The UE shall monitor E-RGCH transmission from a cell in the serving E-DCH radio link set in the following cases:

· If UE_DRX_Grant_Monitoring is TRUE and the corresponding subframe (in case of a 2ms TTI) or frame (in case of a 10ms TTI) of the serving cell E-RGCH overlaps with the start of an HS-SCCH reception subframe as defined in the HS-SCCH reception pattern.

· When conditions defined in subclause 11.8.1.8 of [9] are fulfilled.

7. The UE shall monitor the E-RGCH(s) from all the other cells in the E-DCH active set, except from the cells in the serving E-DCH radio link set, in the following case:

· When conditions defined as determined in subclause 11.8.1.8 of [9] are fulfilled.

The HS-SCCH reception pattern is illustrated by Figure 2C for a 2ms E-DCH TTI. The grey subframes correspond to the HS-SCCH reception pattern UE_DRX_cycle=4.
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Figure 2C: Example for HS-SCCH reception pattern, 2ms E-DCH TTI 

The HS-SCCH reception pattern is illustrated by Figure 2D for a 10 ms TTI E-DCH. The grey subframes correspond to the HS-SCCH reception pattern UE_DRX_cycle=5.
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Figure 2D: Example for HS-SCCH reception pattern, 10ms E-DCH TTI  
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