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1 Introduction

At the RAN plenary # 76, a new Work Item (WI) on a simplified HS-SCCH for UMTS was approved [1]. In relation to it, the Work Item Description (WID) has stated the following objectives [2]:
1. Introduce a simplified version of the HS-SCCH Type1 where the “Modulation Scheme” and the “Number of codes” (code group indicator bits) are made deterministic (i.e., QPSK and 1 code). The following aspects shall be taken into consideration:

· The L1 processing chain as described in the current UMTS standard shall be reused and no changes are allowed (i.e., adding/removing blocks to the L1 processing chain is not allowed).

· Keep backward compatibility (e.g., re-ordering bits within a slot, or from one to another slot is not allowed).

2. Introduce a triggering mechanism for the simplified version of the HS-SCCH Type 1, by making use of the legacy CQI reports and the timing related aspects discussed during study item phase.

· In addition to the CQI based triggering mechanism, HS-SCCH orders might be considered to create an interval where the HS-SCCH is received carrying QPSK and one code aiming at extending the usage of the simplified version of the HS-SCCH Type1.

The impact in other working groups, as well as on both UE and network shall be kept to the minimum.
Based on the discussions held during the Study Item phase [3], this contribution addresses the second objective of this Work Item when the simplified HS-SCCH is triggered by using legacy CQI reports. Concretely speaking, it needs to be decided whether the timing associated to the CQI based triggering mechanism is going to be signalled by higher layer or simply hardcoded in the RAN1 specifications. 
2 Background
According to the WID and the investigations performed during the SI phase, the simplified HS-SCCH type 1 will make use of the legacy CQI reports as triggering mechanism. This can be read from the WID approved in RAN #76 [2]:
“Introduce a triggering mechanism for the simplified version of the HS-SCCH Type 1, by making use of the legacy CQI reports and the timing related aspects discussed during study item phase”
By following the legacy interpretation of the legacy CQI reports, it has been envisioned that the simplified HS-SCCH will be transmitted in DL upon the reception of CQI reports containing low values (i.e., CQI values from 1 to 6).

One important aspect of the CQI based triggering mechanism is the time relation between the reported CQI indicating the usage of the simplified HS-SCCH, and the actual reception of such a simplified control channel. On this matter, it remains to be decided whether the timing is going to be hardcoded or signalled by higher layers. This can be read from the Chairman’s notes of the RAN1 #89 meeting:

Agreement:
Once a UE has reported a low CQI value over the HS-DPCCH, the UE may assume that a HS-SCCH Type 1 transmission carrying control information corresponding to 1 code and QPSK would be transmitted in the first available HS-SCCH subframe once X sub-frames have passed after the end of the sub-frame where the HS-DPCCH was transmitted.

X is going to be specified either by a fixed value or by higher layer signalling.

The sections below are intended to provide some insights on the timing between the transmission of a low CQI report and the reception of the simplified HS-SCCH type 1.
3 Timing between the triggering and reception of the simplified HS-SCCH
Before starting the discussion on the time relation between the triggering and reception of a simplified HS-SCCH transmission (1 code along with QPSK), it is worth to recall that today there is not a strict time relation between a reported CQI and the HS-DSCH scheduling. The above because the network uses the reported CQIs for trying to determine what would be the most appropriate format for the next HS-DSCH transmission, but is up to the network to decide when to schedule a UE (i.e., the subframe in which the HS-SCCH would be received).
In case of using the simplified HS-SCCH type 1, once a low CQI value has been reported, it would be desirable for the UE knowing when a HS-SCCH transmission associated with 1 code and QPSK is supposed to be received, so it can execute less decoding hypothesis (i.e., over small universe of codewords) at the right time.
The potential solutions described below have taken into account the timing related discussions that took place during the study item phase [3].

· Fixed timing

The timing between a low CQI report and the reception of a HS-SCCH indicating the usage of 1 code along with QPSK could be just similar as the one used by the “power saving mechanism in CELL_FACH” standardized in Rel-14 [4], which makes use of a fixed timing equal to 8ms (4 subframes) between the reception of an early “incoming DL data indication” and the actual reception of HS-DSCH [5].

Based on the above, the triggering mechanism of the simplified HS-SCCH could be as follows: Once a UE has reported a low CQI value over the HS-DPCCH, the UE may assume that a HS-SCCH Type 1 transmission carrying control information corresponding to 1 code and QPSK would be transmitted in the first available HS-SCCH subframe once four sub-frames have passed after the end of the sub-frame where the HS-DPCCH was transmitted. This is illustrated in the figure 1 below.
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Figure 1: Fixed timing between the transmission of a low CQI report and the reception of the simplified HS-SCCH type 1.
According with the above scheme, the timing between the triggering and the reception of a HS-SCCH carrying CGI and MS bits corresponding to 1 code and QPSK will be known by the UE, so it can perform a decoding process by considering only the small subset of codewords that can actually occur.
· Timing signalled from higher layers
The timing between a low CQI report and the reception of a HS-SCCH indicating the usage of 1 code along with QPSK could be signalled by higher layers. That is, instead of using a fixed time reference of 8ms as described in bullet above, a set of timing reference values could be considered.
In this case, once a UE has reported a low CQI value over the HS-DPCCH, the UE may assume that a HS-SCCH Type 1 transmission carrying control information corresponding to 1 code and QPSK would be transmitted in the first available HS-SCCH subframe once X sub-frames have passed after the end of the sub-frame where the HS-DPCCH was transmitted. The variable X could consist of a set of values (e.g., 8ms and 10ms), keeping the mechanism just as illustrated in Figure 1.
3.1.1 Non scheduling
If for some reason (e.g., because of different priorities), the network were not able to schedule the UE according with the given timing (i.e., either fixed or signalled from higher layers), then the UE simply has to take into account the CQIs that it has subsequently reported in order to perform a decoding process that considers either the full set of codewords (as in legacy) or only a small subset of them. 

In any case, a legacy UE is prepared to decode any time the full set of codewords due that any codeword can suddenly be scheduled by the NodeB.

3.1.2 Channel Variations

In relation to the proposed timing values, there might be a question on whether receiving a simplified HS-SCCH transmission (1 code along with QPSK) is still appropriate due to the amount of time that has passed between the reported CQI and the reception of the HS-DSCH transmission. In order to answer that question we can refer to the coherence time, which is an indicator of how fast the channel changes. On this matter, by considering a channel change as the point in time (i.e., coherence time) where a Bessel function used for characterizing the wireless channel shows a correlation degree minor than 50% we can figure out for how long time the channel will remain the same as a function of the UE’s speed. For example, for a UE moving at 3Km/h the coherence time is 45ms, while for a UE moving as fast as 15Km/h the coherence time is approximately 9ms. This means that the suggested timing values (e.g., 8ms) are rather appropriate, especially after recalling that an HS service is suitable to use for UEs moving at low speeds. 
3.1.3 Timing for the CQI based triggering mechanism into the specs

Below we show the content of a CR that is intended to incorporate the timing for the CQI based triggering mechanism into the TS 25.214 [4]. For simplicity reasons, and given that a single value seems to be sufficient for having the time reference needed by the CQI based triggering mechanism, the text in the CR below makes use of a fixed timing value.
-------------------------------------------------------------- Text Start --------------------------------------------------------------------
6A.1.3.1
Node B procedure for transmitting the HS-DSCH and HS-SCCH in the CELL_DCH state

When transmitting to a UE for which the HS-SCCH_less_mode=1, the Node B shall use the following procedures:

-
The Node B can always transmit an HS-DSCH transport block using CRC attachment method 1 and HS-SCCH type 1.

-
If HS-SCCH_less_Active is TRUE, the Node B may transmit an HS-DSCH transport block using CRC attachment method 2 and HS-SCCH type 2 according to [2] provided that the size of the transport block belongs to the set of transport block sizes configured for HS-SCCH less operation by higher layers. In this case, a maximum of two retransmissions may be used for each HS-DSCH transport block.
Otherwise,

-
The Node B should always transmit an HS-DSCH transport block using CRC attachment method 1 and 

-
HS-SCCH type 1 in a cell where the UE is not configured in MIMO mode and not configured in  MIMO mode with four transmit antennas, or

-
HS-SCCH type 3 in a cell where the UE is configured in MIMO mode, or

-
HS-SCCH type 4 in a cell where the UE is configured in MIMO mode with four transmit antennas.
If Node B uses CRC attachment method 1 or CRC attachment method 2 for the first transmission of a transport block, Node B shall use CRC attachment method 1 or CRC attachment method 2 respectively for any retransmission of the transport block.

When transmitting/retransmitting, in a cell where the UE is not configured in MIMO mode and not configured in MIMO mode with four transmit antennas, a transport block using CRC attachment method 1 or retransmitting a transport block to a UE using CRC attachment method 2, the Node B shall transmit the corresponding control information using HS-SCCH type 1 or HS-SCCH type 2 respectively on one of the HS-SCCHs in the UE’s HS-SCCH set.

When transmitting/retransmitting, in a cell where the UE is configured in MIMO mode, a transport block the Node B shall use CRC attachment method 1 and transmit the corresponding control information using HS-SCCH type 3 on one of the HS-SCCHs in the UE’s HS-SCCH set. 
When transmitting/retransmitting, in a cell where the UE is configured in MIMO mode with four transmit antennas, the Node B shall use CRC attachment method 1 and transmit the corresponding control information using HS-SCCH type 4 on one of the HS-SCCHs in the UE’s HS-SCCH set.

If the Simplified HS-SCCH type 1 operation is configured, once a UE has reported a low CQI value over the HS-DPCCH (i.e., CQI values from 1 to 6), the UE may assume that a HS-SCCH Type 1 transmission carrying control information corresponding to 1 code and QPSK would be transmitted in the first available HS-SCCH subframe once four sub-frames have passed after the end of the sub-frame where the HS-DPCCH was transmitted.
-------------------------------------------------------------- Text End --------------------------------------------------------------------
Proposal 1: Use a fixed timing (4 subframes) for receiving the simplified HS-SCCH Type 1 when the legacy CQI reports are used as triggering mechanism.
Proposal 2: Use the CR in [6], to capture in the TS 25.214 the timing for receiving the simplified HS-SCCH Type 1 when the legacy CQI reports are used as triggering mechanism.
4 Conclusions 

This contribution provides an assessment on the timing when the simplified HS-SCCH is triggered by using legacy CQI reports. From the performed investigation the following points can be highlighted:
· According to the WID and the investigations performed during the SI phase, the simplified HS-SCCH type 1 will make use of the legacy CQI reports as triggering mechanism: “Introduce a triggering mechanism for the simplified version of the HS-SCCH Type 1, by making use of the legacy CQI reports and the timing related aspects discussed during study item phase”.
· By following the legacy interpretation of the legacy CQI reports, it has been envisioned that the simplified the HS-SCCH can be transmitted in DL upon the reception of CQI reports containing low values (i.e., CQI values from 1 to 6).

· On this matter, it remains to be decided whether the time relation between the reported CQI indicating the usage of the simplified HS-SCCH, and the actual reception of such a simplified control channel is going to be fixed or signalled by higher layers.
· The above because once the UE has reported a low CQI value, it would be desirable for the UE knowing when a HS-SCCH transmission associated with 1 code and QPSK is supposed to be received, so it can execute less decoding hypothesis (i.e., over small universe of codewords) at the right time.
· The potential solutions described below have taken into account the timing aspects discussions that took place during the Study Item phase [3].

· Fixed timing: The timing between a low CQI report and the reception of a HS-SCCH indicating the usage of 1 code along with QPSK could be just similar as the one used by the power saving mechanism in CELL_FACH standardized in Rel-14 [4], which makes use of a fixed timing equal to 8ms (4 subframes) [5]. This is illustrated in Figure 1.
· Timing signalled from higher layers: Alternatively, the timing between a low CQI report and the reception of a HS-SCCH indicating the usage of 1 code along with QPSK could be signalled by higher layers. The timing could be indicated through a variable which could consist of a set of values (e.g., 8ms and 10ms), keeping the mechanism just as illustrated in Figure 1.
· If the network were not able to schedule the UE according with the given timing, then the UE simply has to take into account the CQIs that it has subsequently reported in order to perform a decoding process that considers either the full set of codewords (as in legacy) or only a small subset of them.
· In any case a legacy UE is prepared to decode any time the full set of codewords, due that any codeword can suddenly be scheduled by the NodeB.

· The suggested timing values (e.g., 8ms) seem to be appropriate, especially after recalling that an HS service is suitable to be used for UEs moving at low speeds. For example, for a UE moving at 3Km/h the coherence time is 45ms, while for a UE moving as fast as 15Km/h the coherence time is approximately 9ms.
· For simplicity reasons, and given that a single value seems to be sufficient for having the time reference needed by the CQI based triggering mechanism, the text in the CR shown in section 3.13 makes use of a fixed timing value (i.e., 8ms/4subframes).

Proposal 1: Use a fixed timing (4 subframes) for receiving the simplified HS-SCCH Type 1 when the legacy CQI reports are used as triggering mechanism.
Proposal 2: Use the CR in [6], to capture in the TS 25.214 the timing for receiving the simplified HS-SCCH Type 1 when the legacy CQI reports are used as triggering mechanism.
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