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1 Introduction
RAN plenary #50 approved a new work item, uplink transmit diversity for HSPA [1]. Work item contains open loop and closed loop Tx diversity solutions,where latter one is being discussed in RAN1. This contribution discusses several open issues related to closed loop.
2 Discussion
2.1 Uplink pilot transmission

As there is a need to transmit primary and secondary pilots, one needs to have orthogonal patterns for them. It is fair to assume that the primary pilot pattern is kept unchanged. In general there are at least two methods to construct an orthogonal secondary pilot. Either allocate a new spreading code for the secondary pilot or define orthogonal pilot symbol sequence for the secondary pilot. These options are illustrated in Figure 1.

Maintaining the same spreading code for both pilots require that an orthogonal pilot symbol sequence needs to be defined. This would mean that 2 consecutive pilot symbols should be coded by an orthogonal code like a hadamard code similar to what is done for the CPICH channel in the downlink. However, the number of pilot symbols in the uplink slot formats is not necessarily divisible by 2 as shown in Figure 2 and Table 1. The channel estimator should be able to integrate over the symbol pair to restore the orthogonal antenna weights, which is awkward in slot formats which have uneven number of pilot symbols. Hence it appears to be simpler to use separate spreading code for secondary pilot. 

Another question is whether secondary pilot will use legacy DPCCH slot format or a new one. Using legacy slot format would be simpler and would enable legacy node Bs to demodulate CLTD signal without changes to the receiver. Considering these it is proposed to use the legacy format.
Proposal 1 Secondary DPCCH channel will use different channelization code than DPCCH.
Proposal 2 Secondary DPCCH channel will use legacy DPCCH slot format.
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Figure 1. Secondary DPCCH arranged on either the same or different spreading code.
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Figure 2. Uplink slot format from[2].

Table 1. Existing DPCCH formats in[2].

	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/

Frame
	Bits/

Slot
	Npilot
	NTPC
	NTFCI
	NFBI
	Transmitted slots per radio frame

	0
	15
	15
	256
	150
	10
	6
	2
	2
	0
	15

	0A
	15
	15
	256
	150
	10
	5
	2
	3
	0
	10-14

	0B
	15
	15
	256
	150
	10
	4
	2
	4
	0
	8-9

	1
	15
	15
	256
	150
	10
	8
	2
	0
	0
	8-15

	2
	15
	15
	256
	150
	10
	5
	2
	2
	1
	15

	2A
	15
	15
	256
	150
	10
	4
	2
	3
	1
	10-14

	2B
	15
	15
	256
	150
	10
	3
	2
	4
	1
	8-9

	3
	15
	15
	256
	150
	10
	7
	2
	0
	1
	8-15

	4
	15
	15
	256
	150
	10
	6
	4
	0
	0
	8-15


2.2 Recursive vs. non-recursive feedback

Two main candidate methods are proposed to carry the PCI information on the downlink. Recursive methods can be used to construct a simple state machine or averaging method to reduce the feedback signalling by limiting the possible phase changes between consecutive weight updates.

The recursive feedback may lead to reduced feedback but it also has some drawbacks. The recursive feedback has some error propagation model, which depends on the level of memory used. Secondly, the state machine needs to be started from a know state at some point of time. 

The non-recursive feedback is more straightforward to define but the cost is slightly higher feedback rate. On the other hand, the non-recursive feedback allows faster phase changes with the same update rate as the recursive feedback since any of the phases can be signalled. This could be more important if weight update interval is longer than one slot. Also slightly larger amount of feedback information is less important in such case. 
One should study further which method is the best compromise between feedback rate and performance.

Proposal 3 Recursive and non-recursive feedback methods should be studied further to find the best solution.
2.3 Signaling of the applied antenna weights in the Uplink

In the downlink MIMO, HS-SCCH is used to signal the applied antenna weight in the downlink. As the precoded pilot was agreed in the previous meeting, there is no need for the signalling of the applied antenna weight in the uplink direction in the demodulation point of view. 
However, the downlink feedback error can cause the feedback calculation algorithm to miscalculate the antenna weight for the next update period. The impact of this mechanism most probably depends on the feedback method (recursive vs. non-recursive) and assumed feedback error rate in the downlink combined with the codebook size.

Impact of the feedback errors should be studied.

Proposal 4 The need for antenna weight signalling in uplink need to be studied.
2.4 Downlink weight signalling
It has been proposed that the precoding information (PCI) feedback could be transmitted on F-DPCH. The channel structure in general seems suitable for transmitting a small number of bits in each slot efficiently. However, in order to avoid complex relations between optional features in the specification it could make sense to define a new channel for the PCI feedback. The structure of the new channel could resemble the F-DPCH. The main motivation is to be able to use uplink closed loop transmit diversity also if DPCH is configured in the downlink. Downlink weight signalling is discussed in detail in [3].
In order to avoid multiple power control loops in the downlink, one could define that the power control of the PCI channel follows the power control of either the F-DPCH or DPCH. If there are concerns on the reliability of the PCI one can define a power offset relative to the reference channel. 
Functionality in the soft handover case needs to be studied further but it anyway seems likely solution that the serving cell decides the PCI being compatible with the F-DPCH power control.

Proposal 5 New channel with structure resembling F-DPCH is used for feedback information.
2.5 Operation in CELL_FACH
Performance gain of CL Tx diversity could prove out to be useful also in CELL_FACH state, however there could be reasons which make CL Tx diversity less desirable e.g. UE power consumption. Hence it could be useful to have a separate capability for CL Tx diversity in CELL_FACH and CELL_DCH states. 
3 Conclusions
In this contribution we have discussed UL CLTD and made following proposals:

Proposal 1 Secondary DPCCH channel will use different channelization code than DPCCH.
Proposal 2 Secondary DPCCH channel will use legacy DPCCH slot format.
Proposal 3 Recursive and non-recursive feedback methods should be studied further to find the best compromise.
Proposal 4 The need for antenna weight signalling in uplink need to be studied.
Proposal 5 New channel with structure resembling F-DPCH is used for feedback information
4 References

[1] RP-101438, Uplink Transmit Diversity for HSPA, 3GPP Work Item Description

[2] TS25.211, 3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Physical channels and mapping of transport channels onto physical channels (FDD) (Release 10)
[3] R1-110829 Precoding feedback information transmission in the downlink for the UL CL Tx diversity, Renesas Electronics Europe

_1359199249.vsd
Pilot


TPC


TFCI


FBI


DPCCH


Pilot


Secondary DPCCH


Pilot


Primary and secondary DPCCH sharing the same spreading code


TPC


TFCI


FBI


DPCCH


Secondary DPCCH


Pilot


Pilot


Primary and secondary DPCCH on different spreading codes


Orthogonal code period



_1359199250.doc


Pilot







 N







pilot







 bits







TPC







 N







TPC







 bits







Data







N







data







 bits







Slot #0







Slot #1







Slot #i







Slot #14







T







slot







 = 2560 chips, 10 bits







1 radio frame: T







f







 = 10 ms







DPDCH







DPCCH







FBI







 N







FBI







 bits







TFCI







 N







TFCI







 bits







T







slot







 = 2560 chips, N







data







 = 10*2







k







 bits (k=0..6)







Slot #2







Slot #3







Subframe #0







Subframe #1







Subframe #2







Subframe #3







Subframe #4







1 subframe = 2 ms












