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Discussion and Decision
1. Introduction

In RAN2#60bis, it is proposed in [1] that HS-SCCH signaling overhead could be reduced in Enhanced CELL_FACH state by introducing the concept of RDI, i.e. HS-SCCH control of multiple TTIs of HS-DSCH when Common H-RNTI is used. Here in this document, more detailed analysis is provided on the requirements, scheme and impacts.

2. Problem analysis
In the scenario of HS-DSCH transmission with Common H-RNTI which is shared by multiple UEs, HARQ feedback is not possible, because if multiple UEs send back ACK/NACK information in uplink at the same time, Node B is not able to detect different UE’s signals which are fully overlapped. In this case it has been agreed in [2] that “For UE with common H-RNTI, the MCS selection and retransmission control is performed based on RACH measurement report”, it means that channel quality feedback is transmitted in RRC layer from UE to RNC, and there is no fast feedback from UE to Node B on a per HS-DSCH transmission basis. More importantly, there is no ACK/NACK information transmitted to network at all. In this scenario, HARQ adopts a fixed number of transmissions, with the number of transmissions decided by the network, either controlled on a per packet basis or broadcasted in the system information.

In the current standard, if a packet (transport block) needs to be transmitted N times, N TTIs of HS-DSCH shall be used to deliver the transport block and N TTIs of HS-SCCH controlling those HS-DSCH TTIs need to be sent on a per TTI basis with a one-to-one HS-SCCH control of HS-DSCH. Each HS-SCCH transmission occupies 2*SF16 codes, which is a relatively big amount of resource if the HS-DSCH packet is small, e.g., when the corresponding HS-DSCH transmission only occupies a SF16, SF8 or SF4 code. Unfortunately, the Enhanced CELL_FACH state is targeted for those “frequent by small packets”, this means the HS-SCCH overhead occupies a big portion of the total HSDPA resources in Enhanced CELL_FACH state, and so the overall resource utilization is far from optimized.
For example, if a small packet needs to be transmitted 4 times, and the TTIs 1, 3, 5, 7 are allocated, as shown below, then 4 HS-SCCHs are transmitted by the Node B. From a system point of view, the HS-SCCHs in TTI 3, 5 and 7 can not be used by any other UEs. To guarantee a large number of UEs in parallel, many HS-SCCHs need to be configured, and each HS-SCCH occupies 2 SF16 codes, signaling overhead shall occupy a large amount of resource in this way.
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15


3. Proposals
To save HS-SCCH signaling overhead in the above scenario of multiple HS-PDSCH TTI transmission without fast ACK/NACK feedback, it is proposed to expand the HS-SCCH control period of HS-PDSCH from 1 TTI to multiple TTIs.

Proposal 1: In the scenario of using Common H-RNTI in Enhanced CELL_FACH state, introduce HS-SCCH control of multiple of HS-DSCH TTIs to reduce HS-SCCH signaling overhead.

Based on the assumption of proposal 1, it is suggested to introduce the concept of RDI which is used in HSUPA resource granting procedure to HSDPA transmission in CELL_FACH state. This is realized by setting corresponding control bits in HS-SCCH. The control field includes Repetition Period (RP), Repetition Length (RL) and Number of Period (NP), in number of TTIs, or a mapping table between RDI index and these 3 parameters could be created, only an RDI index needs to transmitted in HS-SCCH.

It may be concerned that there is no space in HS-SCCH to carry the RDI control bits, actually the addition of RDI can be realized by replacement of one or multiple current fields of HS-SCCH. A complete list of the current HS-SCCH fields is shown below:
· Channelisation-code-set information (8 bits)
· Time slot information (5 bits)

· Modulation scheme information (1 bit)

· Transport-block size information (6 bits)

· HARQ process information (3 bits)

· Redundancy version information (3 bits)

· New data indicator (1 bit)

· HCSN (3 bits)

· UE identity (16 bits)

In the above list, RV, NDI and HCSN fields does not need to be present in this scenario, and these bits could be used to deliver RDI information. In this scenario there is no HS-SICH to transfer HS-SCCH power control command, so HCSN does not need to be present any more. New Data Indicator was used to identify whether a transmission is new transmission or retransmission, in this scenario HS-SCCH allocates both initial transmission and retransmission resources, there is no need to deliver this information; RV was used to deliver redundancy version information for each transmission, in this scenario the order of the RV for each transmission is broadcasted in system information, there is no need to transfer it in HS-SCCH.
Proposal 2: Use Resource Duration Indicator (RDI) to realize HS-SCCH control of multiple HS-DSCH TTIs.

4. Scheme and impact analysis

Based on the proposals above, further analysis is given below to investigate the benefits and impacts.

4.1 Analysis of RDI

A simple example of Repetition Length, Repetition Period and Number of Period is “TTIs allocated” and “TTI spacing” which are used in the current HSUPA RDI definition. Table 1 is the RDI interpretation for HSUPA in 25.321.

Table 1 – Resource Duration Indicator (RDI) interpetation for HSUPA
	Resource Duration Indicator (3 bits)
	TTIs allocated
	TTI spacing

	0
	1
	1

	1
	2
	1

	2
	2
	2

	3
	2
	4

	4
	4
	1

	5
	4
	2

	6
	4
	4

	7
	8
	1


Let’s temporarily take Table 1 as example, then for the example shown in section 2, RDI = 5 represents the HS-DSCH TTI allocation to the UE.
For the example in section 2, comparing the following TTI sequences 2 and 3, we can see that Node B transmission number of HS-SCCHs is reduced from 4 to 1, 3/4 HS-SCCH resources are saved. With this improvement, the number of HS-SCCH/s needed in a cell is reduced to a great deal because the HS-SCCHs saved for a UE could be used for other UEs.
In a word, when RDI is used, the frequency of Node B transmission of HS-SCCH is reduced to a great extent, the physical resource consumption of HS-SCCH is dramatically reduced.
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2. Current Node B transmission of corresponding HS-SCCHs
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3. Optimized Node B transmission of corresponding HS-SCCHs with RDI
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In addition, in the current standard, both HS-SCCH and HS-PDSCH need to be processed for each HS-DSCH transmission. When RDI is introduced most TTIs shall only have HS-PDSCH processing, the UE power consumption and processing complexity are reduced.
For better performance of downlink transmission in CELL_FACH state, the above RDI table needs to modified, as shown in Table 2 below.
Table 2 – Modified RDI interpetation for HS-DSCH transmission

	Resource Duration Indicator (4 bits)
	TTIs allocated
	TTI spacing

	0
	1
	1

	1
	2
	1

	2
	2
	2

	3
	2
	3

	4
	2
	4

	5
	3
	1

	6
	3
	2

	7
	3
	3

	8
	3
	4

	9
	4
	1

	10
	4
	2

	11
	4
	3

	12
	4
	4


Then the RDI for the example above is 10.
4.2 Analysis of impacts to HARQ procedure
The introduction of RDI has the following impacts to HARQ procedure:

· Process ID: HS-SCCH deliver process ID for initial transmission, it also applies to retransmissions.
· NDI: New Data Indicator is not needed in this scenario.

· RV: Redundancy version for each transmission is configured before data transmission, there is no need to be carried on HS-SCCH.

The number of retransmissions can be broadcasted in system information, or decided by Node B according to measurement result on RACH, and it is delivered on HS-SCCH by RDI. Once the UE received the data block correctly, it does not need to monitor the subsequent transmissions.
From the above analysis it can be seen that the introduction of RDI reduced the number of HS-SCCH transmissions, and reduced the complexity of HARQ procedure.

4.3 Analysis of impacts to HS-SCCH
HS-SCCH channel coding procedure does not need to be changed. The only change to HS-SCCH is to redefine some information fields to hold the RDI information, the replaceable fields are RV, NDI and HCSN, which released 7 bits resource for RDI use. The newly defined HS-SCCH information fields are: 
· Channelization Code Set (8 bits)

· Timeslot (5 bits)

· Modulation Scheme (1 bit)

· Transport Block Size (6 bits)

· HARQ Process (3 bits)

· RDI (<= 7 bits)
· UE Identity

The identification of new and old HS-SCCH information fields does not need any special processing, because the UE state of using Common H-RNTI is known to both UE and network side.
5．Conclusion
According to the analysis above, it is proposed to agree on the following proposals:
Proposal 1: In the scenario of using Common H-RNTI in Enhanced CELL_FACH state, introduce HS-SCCH control of multiple of HS-DSCH TTIs to reduce HS-SCCH signaling overhead.
Proposal 2: Use Resource Duration Indicator (RDI) to realize HS-SCCH control of multiple HS-DSCH TTIs.
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