3GPP TSG-RAN WG2 Meeting #23 




  R2-01-1950
Helsinki, Finland, 27-31 August 2001

Agenda item:
9.2.1

Source: 
Panasonic

Title: 
Uplink control channel for HSDPA

Document for:
Discussion and decision

1. Introduction

For HSDPA uplink signalling the need to signal fast HARQ Ack/Nack and CPICH SIR reporting or MCS level indication has been identified. The second kind of signalling it is still under discussion, particularly in which cases and how often it needs to be signalled. We propose a flexible structure for uplink HSDPA signalling that is capable to signal such signalling efficiently in the uplink. The new features presented in this proposal are:  
- detailed code assignment of uplink HSDPA control channel
- separate Ack/Nack signalling and downlink channel quality reporting 
- Flexible Ack/Nack timing

For clarity we call the uplink channel that carries HSDPA control data HS-DPCCH.
2. Code assignment

In the uplink, the UE is identified by the scrambling code. Hence there is no shortage of channelization codes as in the downlink. We should consider HQPSK (OCQPSK) code assignment limitation for UE PA efficiency. Due to this limitation the OVSF codes for HQPSK (OCQPSK) should be chosen from the top half of the codes tree [1]. If Cch, 256,1 or some similar codes from the root code Cch, 4,0 is chosen the orthogonality is kept and the HQPSK rule is obeyed.

Although Fast Cell Selection (FCS) is future release extension, it is important that such features are already being considered at an early stage (already within Release 5 design). In FCS scheme, UE and NodeB should distinguish between Ack/Nack's intended for different cells. We can distinguish Ack/Nack signal by the symbol level bit pattern similar to the SSDT signalling, but it could also be distinguished by the channelization codes. This assumes one cell receives only the Ack/Nack of its DSCH. Table 1 shows mapping of this case. Cell ID allocation can be assigned by the similar procedure of the SSDT. In the release 5 without FCS, only cell ID label "a" can be used. 

Table 1: Channelization code mapping for the Ack/Nack control channel

	Cell ID label
	Channelization code for HS-DPCCH

	a
	Cch,256,1

	b
	Cch,256,2

	c
	Cch,256,3

	d
	Cch,256,4

	e
	Cch,256,5

	f
	Cch,256,6


Code assignment with downlink measurement report

Since it can be assumed that Ack/Nack signalling will be transmitted independently from the downlink channel quality report it is natural to separate these two kind of signalling. The measurement report which can be used to select the MCS level at node B might need to be extended in the future releases (e.g. when FCS is introduced). Therefore it would be beneficial to separate such signalling from Ack/Nack signalling. We could also distinguish Ack/Nack and downlink measurement report by the channelization code. To have same root channelization code can decrease the complexity of despreading at NodeB because of the partial despreading can be carried out. Table 2 shows the mapping of this case.  Cch, 256,1 is not used because this code cannot make a pair of codes.

Table 2: Channelization code mapping for the Ack/Nack control channel and measurement report

	Cell ID label
	
	Channelization code for HS-DPCCH

	a
	Ack/Nack
	Cch,256,2

	
	Measurement report
	Cch,256,3

	b
	Ack/Nack
	Cch,256,4

	
	Measurement report
	Cch,256,5

	c
	Ack/Nack
	Cch,256,6

	
	Measurement report
	Cch,256,7

	d
	Ack/Nack
	Cch,256,8

	
	Measurement report
	Cch,256,9

	e
	Ack/Nack
	Cch,256,10

	
	Measurement report
	Cch,256,11

	f
	Ack/Nack
	Cch,256,12

	
	Measurement report
	Cch,256,13


Although we propose to have different channelization code, we don't propose to have multicode transmission of HS-DPCCH for the UE PA efficiency reasons. Please note that we propose to distinguish each signal by the channelization code. 

Another option would be to half the spreading factor (SF=128). The different uplink signalling could be distinguished on signal bit level. In the signal space area, one half is assigned to Ack/Nack signal and the other half is used for downlink channel quality reporting report. The simple Ack/Nack requires two level and the measurement report requires at least same number of bit as MCS level (5 or more). This means signal space is not divided equally. Since  the Ack/Nack signal is more important than the measurement report (MCS selection can also use the downlink DPCH transmission power) some redundancy (e.g. simple repetition) could be introduced for the Ack/Nack. Therefore unequal allocation of signal space is also reasonable choice. There could also be multiple Ack/Nacks required per TTI as proposed in [9]. 

Discussion of IQ assignment

In the release 9 and release 4, first DPDCH is transmitted by the I-branch and DPCCH is transmitted by the Q-branch. Since we need to introduce a new channel (HS-DPCCH) for Release 5 the allocation of such channel on the I or Q branch is discussed in the following. Herewith we look at a likely scenarios for the case that uplink DPDCH carries R99 voice or some other service and DCCH.
If DPDCH carries more data than HS-DPCCH (DPDCH is not so much DTXed), HS-DPCCH should be assigned to Q branch for reducing the possibility of multiple I-branch transmission. If the DPDCH transmission is less used than HS-DPCCH (DPDCH is almost DTXed), HS-DPCCH should be assigned to I branch for reducing the possibility of multiple Q-branch transmission. 

A useful allocation of the HS-DPCCH on the I and Q branches is proposed. It should be discussed if such dynamic allocation can explicitly be derived at Layer 1 or if it should be under control of RRC.  

3. Flexible Ack/Nack timing

At the last RAN2 plenary it was decided to use a synchronous scheme for the Ack/Nack signalling of fast hybrid ARQ scheme, because it does not require the sequence number to be signalled. Still the benefit of having a more flexible timing was seen as beneficial from performance and UE implementation point of view [2], [3]. 

For synchronous uplink transmission there is the need to signal just a single bit (Ack or Nack). That would allow the Ack/Nack signal to be transmitted with enough reliability in one slot. To reduce the Ack/Nack signal size would itself already speed up the en- and decoding process and thus the Round Trip Delay. If HS-DSCH TTI length is longer than Ack/Nack TTI length (example: HS-DSCH is 3slot TTI and Ack/Nack is 1 slot TTI), we can have a more flexible timing relation as can be seen in Figure 1. The UE will be able to transmit the Ack/Nack signal at multiple time instances. In the figure 1, UE has three possibility of Ack/Nack timing without overlap of other Ack/Nack signals. That allows the UE to select an Ack/Nack time interval depending on its capabilities and the actual decoding process without the need for multi-code transmission. 

The time difference between minimum and maximum processing time could also be scaled according to UE processing needs. In Figure 2 a time shift of three slots between each Ack/Nack signal can be seen. This would allow the Node B to schedule an earlier acknowledged packet an TTI earlier. 

In RAN1 plenary it was discussed that the NodeB scheduler should be aware of the UE capability [5] [6][7][8]. That implies that the scheduler is not allowed to assign 'full' time slots to a sub-maximum data rate UE . In the case of HS-DSCH TTI length is as same as Ack/Nack TTI length, to allow flexible timing of Ack/Nack would require multi code transmission of HS-DPCCH. The maximum data rate UE is a high end terminal multi code transmission should not be a severe requirement for such a terminal. On the other hand, since the scheduler does not allocate 'full' time slots to a sub-maximum data rate UE, such a low end terminal does not need to transmit with multi-code function.  
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Figure 1: Flexible timing when HS-DSCH TTI length is longer than Ack/Nack TTI
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Figure 2: Flexible timing with 3 slot time shift
It is proposed to use a flexible uplink signalling timing (e.g. as shown in figure 1and 2) because it: 

- allows different implementations of the UE

- allows for faster ACK/NAK timing in of:

- only a subset of codes is allocated to the UE at that TTI

- a low MCS level has been selected 

fast decoding of the information was possible (e.g. few Turbo iterations, few MPIC iterations) 

- improved performance due to faster retransmissions

- allows for future improvement 

4. Signalling timing for measurement report

It is currently under discussion in RAN1 if MCS selection, CPICH SIR report or recommended MCS level needs to be transmitted in the uplink. MCS selection can also be based on downlink DPDCH power also can be used for MCS selection or a combination of both. Our understanding of the current RAN1 status is that downlink condition reporting will be done with a certain periodicity or not at all. In the case of periodically transmission, the signalling of downlink channel quality reports for MCS selection can be transmitted at time instanced when the Ack/Nack slot are not transmitted. Therefore multi code transmission can be avoided. 

5. Conclusion
We proposed the use a new uplink control channel for HSDPA called HS-DPCCH . The proposal consists of 
- to separate Ack/Nack signalling and for downlink channel quality reports

- to use different channelization codes for Nack/Ack signalling and downlink channel quality reports

- to use different channelization code assignment among cells to ease introduction of new features as FCS

- to use a flexible allocation of the uplink HSDPA control channel on the I- and Q Branch

- flexible timing of the Ack/Nack signal, which does not requires sequence number but have variable timing of Ack/Nack
- proper selection of minimum and maximum Ack/Nack timing according to different UE capabilities, different  processing times require for variable code allocation and all different MCS levels

- downlink condition reporting can be transmitted at the time instances when Ack/Nack is not transmitted 
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