3GPP TSG-RAN WG1 Meeting #38bis




   


Tdoc R1-041086
Seoul, Korea, 20 – 24 September 2004

Agenda item:
7.5
Source: 
Samsung
Title: 





Uplink control signalling structure
Document for:
Discussion and Decision
1.  Introduction

The uplink control signalling required to support E-DCH can be classified as follows.

· Information accompanying E-DPDCH

· Scheduling information needed to support Node B controlled scheduling

In this contribution, we discuss about the characteristics of each control signalling and an efficient way to carry those signalling to the Node B.
2. Information accompanying E-DPDCH

As discussed in [1], all physical layer parameters needed for decoding E-DPDCH can be derived from

· E-DCH TF index. 
· It is used to derive the transport block size, the spreading factor, the number of code channels, and the used code channels. It also can provide the information about the E-DPDCH gain factor.

· We expect 6 bits would be needed according the analysis in [1].

· HARQ information. 
· It is used to derive a correct RV.

· We expect 3 bits would be needed.

In addition to the above two information, the following information is also transmitted to support the boost mode operation.
· Power boost indicator.

· It indicates whether the UE transmits with applying the additional power offset to reduce the delay according to the QoS requirement. The resultant overall power offset is less than the power offset allowed by the scheduling grant. Knowing whether the boost mode is applied would be helpful for 
· Scheduling because the scheduler can expect the resource occupied by the possible retransmissions.
· Outer loop power control because the expected maximum number of transmissions is different between the normal mode and the boost mode.

· We expect 1 bit would be needed.
Because all three information discussed above should accompany each E-DCH transmission and should be known to the Node B receiver before E-DCH decoding, we propose the followings.

Proposal:

· 6-bit E-DCH TF index, 3-bit HARQ information, and 1-bit power boost indicator are channel-coded together and transmitted on E-DPCCH. 

3. Scheduling information

In [2], we have identified that the following scheduling information (SI) should be signalled on uplink to achieve efficient utilization of the uplink resource. 
· Buffer status. By receiving the buffer status report from each UE, the Node B can know how much data currently remains in the UE buffer.

· Transmit power status. The transmit power status information could be either DPCCH transmit power or available power margin. If the Node B knows about the UE maximum allowed transmit power, the Node B would be able to estimate uplink channel condition as well as UE power margin. This information would help the Node B better utilize the uplink RoT resource.
One of the important issues regarding the SI update is when and how often the buffer status and the transmit power status need to be reported to the Node B. Frequent reporting would result in increased uplink interference level. In order to develop SI reporting mechanism, it would be helpful to consider characteristics of the SI. 

3.1. Buffer status report

As for the buffer status, the Node B cannot predict occurrence of data in the UF buffer. Hence, it would be a natural and efficient way that the UE will trigger the buffer status reporting. On the other hand, the Node B can estimate the UE buffer status from its knowledge of the amount of received data after the latest report. Thus, the reporting would be unnecessary if no new data has occurred after the latest report. 

In this regard, an efficient approach for decreasing the signalling overhead would be to report the buffer status only when it is needed, e.g., when new data occurs in UE buffer. This approach can be considered as event-triggered reporting. 
On the other hand, reporting the buffer status whenever new data occurs may result in frequent reporting unnecessarily for certain traffics that continuously generate small amount of new data, e.g., for streaming traffic with low data rate. Hence, it is FFS how to define the event so that the required uplink signalling power (or equivalently interference) overhead is minimized while enabling efficient Node B controlled scheduling. 
Exact definition of the buffer status report is also FFS. 
Possible signalling support for buffer status report is as follows:

· L1 signalling. It would fit with the regular, frequent, or periodic signalling because there can be no flexibility in slot format of physical channel depending on existence of the signalling. Since the buffer status reporting would be irregular in its nature, reserving some room in physical channel for it would be inefficient. 

· RRC signalling. RRC signalling would imply too long delay in transferring the SI to Node B because it should first go to RNC. Hence, it would not be recommended for further discussion.
· MAC-e signalling. It can provide enough flexibility to accommodate irregular signalling and hence would be able to avoid inefficiency expected in L1 signalling. It is noted that scheduling performance could be improved by giving the Node B more detailed information, e.g., amount of data in each priority if E-DCH supports multiple priorities. Reporting of the data amount per priority should be naturally flexible. MAC-e signalling would also fit well with this situation. 
Proposal:
· The UE buffer status is reported to the Node B in an event-triggered way through MAC-e signalling.
3.2. Transmit power status report

Regarding transmit power status report, we make following observations.

· The transmit power status report would be needed only when there is data to be scheduled in the UE buffer. 
· Change in transmit power status should be reported to the Node B for efficient scheduling even though there is almost no change in UE buffer status.
· The Node B could track the change in transmit power status to a certain extent.

Therefore, an efficient signalling mechanism would be to report the transmit power status periodically when there exists data in the UE buffer. Then, L1 signalling would be a natural solution due to the periodicity. The signalling mechanism may be similar to the CQI reporting defined for HSDPA.
Regarding the number of bits required for transmit power status report, we refer to TS 25.101 where followings are described:
· The minimum power shall be less than -50 dBm. 
· The maximum output power is +33/+27/+24/+21 dBm for power class 1/2/3/4, respectively.

If we want to report e.g. the DPCCH transmit power level ranging from -50 dBm to +33 dBm with 1 dB step, 7 bits are needed. However, 7 bits seem too much, taking into account the practically possible scheduling accuracy. We think that 6-bit reporting would be needed to support efficient scheduling.
Proposal:

· The 6-bit transmit power status report is periodically sent to the Node B on E-DPCCH only during the time period when there exists data in the UE buffer.

4. Frame format and channel coding for control signalling on E-DPCCH

In the above sections, followings are identified to be transmitted on E-DPCCH.

· Part 1: 6-bit E-DCH TF index, 3-bit HARQ information, and 1-bit power boost indicator, which are channel-coded together.

· Part 2: 6-bit transmit power status report.

Due to different transmission timing, part 1 and part 2 should be channel-coded separately. Then, we propose the E-DPCCH frame format and the channel coding as follows.
Proposal:

· E-DPCCH spreading factor is 128.

· E-DPCCH subframe length is 3 slots. Part 1 is allocated the first 2 slots and the last 1 slot is allocated to part 2 as shown in Figure 1. 
· Part 1 is transmitted only when the E-DCH is transmitted. The Node B receiver can detect the existence of part 1 by relying on the energy level detection or a kind of erasure decoding. 
· Part 2 is periodically transmitted only during the time period when there exists data in the UE buffer and its transmission timing should be well known to both of the UE and the Node B.
· 10-bit information of part 1 is channel-coded to 40 bits. To reuse the existing block coding scheme, 10-bit information is first encoded by using the (32,10) sub-code of second order Reed-Muller code. The output codeword is matched to 40 bits by adding 8 bits, which could be generated either 
· by repeating some of the output bits or 
· by concatenating a simple code whose length is 8.
· 6-bit information of part 2 is channel-coded to 40 bits. To reuse the existing block coding scheme, 6-bit information is first coded using the (32,6) 1st order Reed-Muller code, which is constructed by using only the first 6 bases of the (32,10) sub-code of second order Reed-Muller code. Then, to have stronger protection for the MSB and the 2nd MSB in a similar way to the CQI coding, 6 times repetition of the MSB and 2 times repetition of the 2nd MSB are attached to obtain the 40-bit codeword. Details of the (40,6) code is discussed in [3].
· In case of 10ms TTI, E-DPCCH subframe is repeated 5 times to improve the decoding reliability while maintaining the commonality with 2ms TTI case. 
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Figure 1: E-DPCCH frame structure

5. Conclusions
In this paper, we have discussed about the required uplink control signalling. We propose to agree on the proposals in the above sections and to capture them into TR 25.808 and also to capture some part of them into TS 25.309 if needed.
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