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1 Introduction

The Work Item entitled “DTX/DRX enhancements in CELL_FACH” [1], was kicked-off by the TSG RAN WG1 in RAN1 #84 [2-5].
On the DRX enhancements area, a new power saving mechanism sometimes referred to as “HS-SCCH DRX Lite” has been discussed in RAN1 #84, RAN1 #84bis [6-7], and RAN1 #85 [8-10]. From the latest discussions around this proposal, the TSG RAN WG1 has listed the following considerations [11]:
“QC proposal for HS-SCCH DRX Lite Design was noted. The following considerations for DRX Improvements are listed:

· Enable the network to schedule the UE in more than one subframe (Rx Burst of e.g.  0.4, 0.8 frames)

· Investigate the possibility of using HS-SCCH control  information rather than HS-SCCH orders

· For example Mechanism and reliability

Enable 640 ms mode in HS-SCCH /HS-DSCH DRX in CELL FACH mode in addition to existing values present in IE HS-DSCH DRX cycleFACH”
This contribution is related to the second bullet above, since this contribution provides a performance analysis on the possibility of using regular HS-SCCH control information instead of an HS-SCCH order for informing the UE that it has been scheduled, and therefore it has to be prepared for the imminent reception of DL data in the coming subframes.
2 DRX Power Saving Mechanism and the HS-SCCH based notification
This section is intended to analyse in detail, whether there is a difference in terms of performance between the reception of regular HS-SCCH control information, and an HS-SCCH order. The subsection 2.1 provides a brief background on the proposed “DRX Power Saving Mechanism” in CELL_FACH along with a motivation for considering the usage of actual HS-SCCH control information instead of an HS-SCCH order. Then subsection 2.2 provides a one-on-one comparison between the information conveyed by an HS-SCCH order and regular HS-SCCH control information. Simulation results are included in order to evaluate the performance in each case.
2.1 Background – DRX Power Saving Mechanism
 In RAN1 #84 a new CELL_FACH power saving mechanism has been proposed, in which the UE is informed via an HS-SCCH order that it has been scheduled to receive data, in such way that it can get prepared to start decoding the HS-SCCH control information along with its corresponding HS-DSCH few subframes later (tentatively 4).
As it was mentioned in the introductory part of this contribution, in RAN1 #85 the TSG RAN WG1 has considered the possibility of informing the UE about the imminent reception of data via regular HS-SCCH control information instead of using an HS-SCCH order. The motivation behind this proposal relies on providing extra knowledge to the UE rather than sending a simple notification for alerting it about the incoming DL data, this since regular HS-SCCH control information can be used to provide full or partial anticipated information about what the UE is going to receive few subframes later.

2.2 HS-SCCH based notification

The HS-SCCH type 1 is used as a baseline for the HS-SCCH orders, except when the UE is configured in MIMO mode, and MIMO mode with four Antennas.
The HS-SCCH control information type 1, contains the following fields:
Structure of the HS-SCCH Type1 (Regular Control Information)
· Channelization-code-set information (7 bits): xccs,1, xccs,2, …, xccs,7
· Modulation scheme information (1 bit): xms,1
· Transport-block size information (6 bits): xtbs,1, xtbs,2, …, xtbs,6
· Hybrid-ARQ process information (3 bits): xhap,1, xhap,2, xhap,3
· Redundancy and constellation version (3 bits): xrv,1, xrv,2, xrv,3
· New data indicator (1 bit): xnd,1
· - UE identity (16 bits): xue,1, xue,2, …, xue,16
The HS-SCCH control information is transmitted in one subframe, which is composed by three slots. Both, the “Channelization-code-set information” and “Modulation scheme information” are transmitted in the Slot 0 (known as HS-SCCH part 1), while the “Transport-block size information”, “Hybrid-ARQ process information”,” Redundancy and constellation version”, and the “New data indicator” are conveyed over Slot 1 and Slot 2 (Known as HS-SCCH part 2). The “UE identity” is masked in both HS-SCCH part 1 and part 2, as part of the L1 processing chain.

On the other hand, below is the structure of the HS-SCCH order based on the HS-SCCH type 1.
HS orders based on the HS-SCCH Type1
· For an HS-SCCH order:

· - CCS and MS information (8 bits): xccs,1, xccs,2, …, xccs,7, xms,1  shall be set to: “11100000”

· - Transport-block size information (4 bits): xtbs,1, xtbs,2, …, xtbs,4 shall be set to “1111”

· - Transport-block size information (2 bits): xtbs,5, xtbs,6 shall be set to xeodt,1, xeodt,2 
· - Hybrid-ARQ process information (3 bits): xhap,1, xhap,2, xhap,3 shall be set to xodt,1, xodt,2, xodt,3 
· - Redundancy and constellation version (3 bits): xrv,1, xrv,2, xrv,3 shall be set to xord,1, xord,2, xord,3 
· - New data indicator (1 bit): xnd,1 is reserved

· - UE identity (16 bits): xue,1, xue,2, …, xue,16
The HS-SCCH order is also conveyed in one subframe consisting of three slots. The distribution of bits among Slot0, Slot1, and Slot2 is just as in the description of the regular HS-SCCH control information, while as a general insight, the bits “Xeodt”, “Xodt”, and “Xord”, refer to a combination of bits associated to an HS-SCCH order which is used to indicate the UE to perform a specific action.
2.3 HS-SCCH performance

Once the structure of the HS-SCCH type has been described, a very important performance aspect that needs to be highlighted is that the detection/decoding of the Part I (slot 0) needs to be considered as “passed” before proceeding to decode the Part II (slot 1 & 2) of the HS-SCCH. This means that the detection and decoding of slot 0 is a key aspect of the performance of the HS-SCCH.
On this matter, Table 1 shows the fixed sequence used by an HS-SCCH order on the slot 0, which is compared with a sequence that may be conveyed on the regular HS-SCCH control information, and that has a Hamming distance of 1 with respect to the information conveyed in the slot 0 of an HS order.
Table1: HS-SCCH Slot 0, HS order compared to a sequence that can be conveyed by regular HS-SCCH control information
	
	Slot 0

	HS-SCCH order
	xccs,1, xccs,2, …, xccs,7, xms,1  shall be set to:  “11100000”

	Regular HS-SCCH control information
	When QPSK, P= 8 and O=1, where P refers to the number of codes and O to the offset in the channelization code tree.

xccs,1, xccs,2, …, xccs,7, xms,1  shall be set to:  “11110000”


As can be seen from Table 1, a regular HS-SCCH control information may convey a bit sequence having a Hamming distance of 1 with respect to the predetermined bit sequence used by an HS-SCCH order, reason why at the UE side the performance and degree of complexity for detecting and decoding one or the other should be the same. Actually, the detection and decoding of the HS-SCCH part I is equally challenging for any of the valid sequences extracted from the universe of 28 bits that can be mapped to the slot 0. 
In order to verify the theory, a simulation was performed having as input sequences (i.e., respectively) “11100000”, “11110000”, and a randomly selected sequence. Figure 1 shows the performance of the HS-SCCH Part I subject to an AWGN channel for several Eb/No ratios.
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Figure 1: HS-SCCH part I, BLER performance comparison.

From Figure 1 is possible to observe that the curves overlap each other, meaning that the performance is the same regardless of the transmitted sequence, which holds for the typical BLER target of this channel which is equal to 1%.
Based on the findings from this investigation, we consider that the proposed power saving mechanism can be made more efficient and robust if regular HS-SCCH control information is used instead of an HS-SCCH order, since the extra information conveyed on the HS-SCCH fields can contain valuable information for the incoming DL transmission.

Proposal 1: Use regular HS-SCCH control information for notifying the UE about the imminent reception of DL data as part of the new DRX power saving mechanism in CELL_FACH.
3 Conclusions 

Within the context of the new Rel-14 DRX power saving mechanism in CELL_FACH, this contribution analyses the possibility of using regular HS-SCCH control information instead of an HS-SCCH order for informing the UE about the imminent reception of DL data. From the performed investigation the following points can be highlighted:
· In RAN1 #84 a new CELL_FACH power saving mechanism was proposed, where the UE is informed via an HS-SCCH order that it has to get prepared to start decoding HS-SCCH control information along with its corresponding HS-PDSCH few subframes (tentatively 4) later.

· In RAN1 #85 it was proposed to inform the UE about the imminent reception of data via regular HS-SCCH control information instead of using an HS-SCCH order. 

· The motivation behind this proposal has to do with providing extra knowledge to the UE rather than sending a simple notification for alerting it about incoming DL data.

· As a follow-up on this proposal, this contribution has focused on analysing whether there is a performance difference between the reception of actual HS-SCCH control information and an HS-SCCH order.
· As a background, it is important to say that the HS-SCCH type 1 is used as a baseline for the HS-SCCH orders, except when the UE is configured in MIMO mode, and MIMO mode with four Antennas.
· A very important performance aspect of the HS-SCCH type 1 is that the detection/decoding of the Part I (slot 0) needs to be considered as “passed” before proceeding to decode the Part II (slot 1 & 2). This means that the detection and decoding of slot 0 is a key aspect of the performance of the HS-SCCH.

· On this matter, a regular HS-SCCH control information may convey a bit sequence having a Hamming distance of 1 with respect to the predetermined bit sequence used by an HS-SCCH order, reason why at the UE side the performance and degree of complexity for detecting and decoding one or the other should be the same.

· Actually, the detection and decoding of the HS-SCCH part I is equally challenging for any of the valid sequences extracted from the universe of 28 bits that can be mapped to the slot 0.

· In order to verify the theory, a simulation was performed having as input sequences (i.e., respectively) “11100000”, “11110000”, and a randomly selected sequence.
· From the obtain results it was possible to observe that the curves overlap each other, meaning that the performance is the same regardless of the transmitted sequence, which holds for the typical BLER target of this channel which is 1%.
· Based on the findings from this investigation, we consider that using regular HS-SCCH control information instead of an HS-SCCH order provides valuable extra information that can be used by the UE for making the new power saving mechanism more efficient and robust.

Based on the analysis performed in this contribution, the following proposal has been stated:
Proposal 1: Use regular HS-SCCH control information for notifying the UE about the imminent reception of DL data as part of the new DRX power saving mechanism in CELL_FACH.
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