TSG-RAN WG1 Release'5 AdHoc

TSG R1-01-0698
Espoo, Finland

WG1 Rel'5 AdHoc   


June 26th-28th , 2001



1(5)

Agenda item:

6.10
Source:

Nokia

Title:


HSDPA signaling in uplink

Document for:
Discussion

Summary:

This document revisits the HSDPA uplink signaling discussion started in earlier meetings. Two main signaling needs for uplink are identified as HARQ ack/nack signaling and DL channel quality report signaling. It is already a working assumption of RAN WG1 that ack/nack signaling would be located on an additional UL dedicated control channel code multiplexed with existing DPCCH (called HS-DPCCH in this document). In this document some possibilities on where DL channel quality report signaling could be transmitted are shown.

1. introduction

High Speed Downlink Packet Access (HSDPA) feasibility study has introduced several technical proposals to improve the packet access of WCDMA system. The most prominent proposed enhancements for Release'5 are Adaptive Modulation and Coding (AMC) and Stop-And-Wait HARQ (SAW HARQ). Both of these techniques require various kind of signaling between UE and Node B. In RAN WG1 #20 meeting a working assumption on uplink signaling structure was reached. Uplink signaling is to take place on an extra DPCCH that is code multiplexed with the existing dedicated physical channel. At this stage, the working assumption further states that only ACK/NACK for HARQ are transmitted on this extra DPCCH. 

A scope of this paper is to discuss how to send the DL channel quality reports.

· On HS-DPCCH

· On DPDCH with RRC signaling

· On DPDCH multiplexed with TrCH

2. HSDPA signaling in uplink

2.1 Signaling requirements

2.1.1 AMC

When AMC is employed the modulation order and channel coding should be selected based on the received signal quality. Because network has got more information available than UE to make the selection for a given HSDPA TTI, it is natural that the control of AMC resides e.g. in Node B.

There are many factors that contribute to the selection of the Modulation and Coding Scheme (MCS) of a HSDPA TTI. Yet, from performance point of view it is the signal quality at the reception that should be one of the main decision criteria. Although it is possible for network to indirectly get an idea of the received signal quality at the UE by, for example, monitoring the uplink power control commands or observing the associated DPCH power level, it could be beneficial to signal related information from UE to Node B. The explicit downlink channel quality may not need to be signaled on TTI-basis if it is supported by the other means mentioned above.

The UE estimates the DL channel quality and sends an MCS request signal to Node B. Feasibility study results so far have hinted that possibly only 4 different MCSs will be sufficient to guarantee good performance. Thus, only 2 bits per MCS request would need to be signaled. However, with a given set of modulation and coding schemes in the MCS it is possible to introduce more flexibility to the AMC allocation in downlink. For example, without changing the selected MCS itself, fewer codes with more transmission power could be sent. Naturally, in this case more bits would be needed for MCS request signaling. Note that signaling the MCS request can be interpreted as an explicit measurement.

2.1.2 SAW HARQ

SAW HARQ requires fast feedback in uplink. Each HSDPA TTI can have more than one transport block but in most simple case they all could be acknowledged by a single bit if synchronous . More bits are needed if acknowledgements are not tied to frame timing but HARQ operates on asynchronous basis as described e.g. in [3]. 

2.1.3 Summary of uplink signaling requirements

Table 1 summarizes the anticipated uplink HSDPA signaling needs. Note that the numbers indicate the maximum signaling need per HSDPA TTI. The total signaling load depends also on the signaling rate per parameter. The maximum requirement for HSDPA signaling is then 6-10 information bits.

Table 1. Summary of HSDPA related signaling in uplink. 

	Parameter
	# of bits per message
	Signaling rate
	Comments

	MCS request
	2-5
	 Every HSDPA TTI or more seldom if supported by other measurements
	MCS request: 2 - 5 bits

 

	
	
	
	

	SAW HARQ ACK/NACK
	1-5
	Up to every HSDPA TTI
	1 bit in ACK signaling synchronized to TTI 

More bits needed when asynchronous

	
	
	
	


2.2 Possible physical layer solutions

2.2.1 Ack/nack signaling

Figure 1 depicts HS-DSCH with uplink feedback signaling located on a code multiplexed DPCCH in uplink. If the same spreading factor is employed on the HSDPA UL feedback channel than existing UL DPCCH, i.e. SF=256, there are 10 bits available in each time slot. According to the current working assumption the optimal place for ack/nack signaling is the uplink dedicated control channel since it can instantly be accessed in Node B.
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Figure 1. Uplink signaling structure for HS-DSCH

One thing to consider with the code multiplexing is how to assign the power ratio between DPDCH and DPCCH+HS-DPCCH. In Release'99 the gain factors (c for DPCCH and (d for all DPDCHs may vary in each TFC even on frame-to-frame basis. The power ratio of DPCCH to DPCCH+HS-DPCCH could be fixed in which case also HS-DPCCH follows the power changes required by the power control procedure for uplink.

HSDPA signaling capacity of HS-DPCCH depends on the length of the HSDPA TTI. If we denote the length of the HSDPA TTI (in slots) by M the available signaling capacity (in channel bits) is then 10M. Table 2 shows the signaling capacity for various TTI lengths.

Table 2. HSDPA signaling capacity of HS-DPCCH as a function of HSDPA TTI length.

	
	HSDPA TTI length (slots)

	SF
	1
	3
	5

	256 
	10
	30
	50


2.2.2 Downlink channel quality report signaling

In order to maximize available processing time both at UE and Node B the timing of the SAW HARQ feedback should be carefully designed. This can be more easily done if HS-DPCCH is used to transmit SAW HARQ acknowledgements as per the current working assumption. SAW HARQ feedback could be sent during the last slot of a HSDPA TTI. Other signaling could be sent either time multiplexed with ACK/NACK on HS-DPCCH, on DPDCH or by higher layer signaling.

A straight-forward means for DL channel quality signaling is to time multiplex it with ack/nack signaling on the HS-DPCCH in uplink. With a TTI of 3 slots there are still 2 slots available if ack/nack occupies one slot. The advantage of this scheme is that HS-DPCCH is terminated in Node B and the signaling is instantly available there. On the other hand, the DL channel quality report signaling does not have to take place in every TTI.

As already suggested in [1], sending some signaling on DPDCH can complement HS-DPCCH. In this case the signaling information should be sent using one or more transport channels. Using transport channel(s) for HSDPA signaling purposes would allow employing the existing multiplexing and rate matching solutions. The termination point of those transport channels need to be in MAC HS-DSCH. In this case transport channels are normally interleaved over the TTI which is not desirable solution for e.g. SAW HARQ feedback. Therefore, this suits best for signaling needs where sub-TTI allocation of bits is not required. Furthermore, since the termination point for this kind of signaling is not in Node B, the delay for extracting the signaling information would be non-negligible. Also in order to support the maximum signaling rate, same TTI length must be possible on DPDCH as for HSDPA.

A third method for downlink channel quality signaling that does not have to be done on TTI basis is to use higher layer signaling. However, RRC signaling is terminated in RNC which may introduce too long delays for effective utilization of the reports from the UE.

2.3 Channel encoding solutions for UL HSDPA signaling

Channel encoding was addressed earlier in [1, 2]. It was shown that if there are three slots available in a TTI, the DL channel quality report signaling (2-5 bits) would fit into two slots of HS-DPCCH. The most attractive encoding solution appears to be convolutional coding.

3. conclusions

Using HS-DPCCH for signaling would allow to terminate all the signaling in Node B. This is clearly the optimal way for ack/nack signaling. Whereas DL channel quality report may not have to be signaled in every TTI, one has to consider what would be the feasible termination point for these signaling bits. RRC signaling is terminated in RNC and DPDCH in MAC. It has to be remembered that depending on the TTI length selected, HS-DPCCH could be used for all HSDPA UL signaling.
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