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1 Introduction
RAN plenary #50 approved a work item, uplink transmit diversity for HSPA [1]. RAN1 has been discussing closed loop transmit diversity feature in a few meetings already and good progress has been achieved. This contribution discusses open issues left to closed loop transmit diversity.
2 Discussion
2.1 Uplink pilot transmission

RAN1 meeting #65 made the following decisions of the pilot signal used in uplink:
· Spreading factor of S-DPCCH is 256
· Exact code FFS 

· Slot boundaries of S-DPCCH and DPCCH are aligned

· S-DPCCH slot format based on DPCCH slot format 1: 

· 8 pilot bits, using DPCCH pilot sequence

· Use of remaining 2 bits FFS (but not DTX for part of the slot)

· Power offset between S-DPCCH and DPCCH is configurable by the network
Thus the main remaining issues are the channelization code of the S-DPCCH and usage of the TPC bits in DPCCH slot format 1. Choice of channelization code is an optimization problem; code providing lowest cubic metric would need to be determined. 
What comes to usage of TPC bits several options have been presented e.g. repeating of TPC commands, transmitting used precoding codeword index [4], F-PCICH quality indication [4] and finally fixing those bits to be used as pilot. Considering small number of bits available and lower SNR of the orthogonal precoding used the last option would be the one making most sense. 
Proposal 1 TPC bits in DPCCH slot format 1 used for S-DPCCH are set to fixed value.
Gating of the S-DPCCH has been proposed in order to reduce overhead. However, it has been agreed that the feedback should be generated every 2ms period. This would mean that only moderate reduction of the S-DPCCH activity can be achieved, i.e. at least 1 active slot in every 3 slots. It has also been assumed that power level of the S-DPCCH can be lower than that of the DPCCH reducing the S-DPCCH overhead. Gating would also mean recalculation of the beta-factors for gated and non-gated slots if one wishes to utilize the unused S-DPCCH transmission power in gated slots. Furthermore, use of the synthesis based channel estimation requires the existence of the S-DPCCH in order to be able to solve the non-precoded channel. Lack of S-DPCCH in some of the slots makes use of this algorithm more difficult.
Proposal 2 Do not use gating of S-DPCCH
Table 1. DPCCH slot format 1 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

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


2.3 Codebook update rate and CPC

So far these decisions have been made:

· Feedback update rate

· Physical layer supports 3-slot update rate

· Consider further whether any special behaviour (e.g. faster update rate) is needed for CPC

· FFS between recursive / absolute feedback. 

· FFS whether RRC-based reduction of the update rate is supported

Working assumption:

· update rate of UE’s precoder is once per 2ms

· Consider further whether any special behaviour (e.g. faster update rate) is needed for CPC

These mean that at least 3-slot update rate needs to be supported but also faster update rate could be considered for CPC. It would be preferable to avoid multiple different update rates so another faster update rate should be justified with reasonable gains. When DTX is used there is a problem that if DTX burst length is smaller or similar to feedback delay then precoding used for a burst has been defined based on pilot transmission during a previous burst. This problem is, however, mitigated by a fact that there is not so much data transmitted during DTX cycle. If E-DCH data is transmitted for a longer time period, then update rate of precoding also gets faster. Hence it seems to be reasonable to avoid unnecessary complexity and assume similar timing for precoding update in all cases. 
Proposal 3 Only one update rate is used for F-PCICH.

Proposal 4 Same timing is used for updating precoding in all cases.

2.2 Downlink weight signalling
Some agreements from RAN1 #65 related to DL physical channel carrying weight signalling:
· Confirm working assumption that PCI feedback is carried on F-DPCH-like channel, the F-PCICH

· SF256 channelisation code and slot format configured per UE in the same way as for F-DPCH

· The channelisation codes of F-PCICH and F-DPCH (if configured) are not constrained to be the same

· Applicable also for DCH-only case

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. Most probably PCI bits require better quality than the TPC bits but this can be mitigated by using a power offset relative to the reference channel. 
The more complex solution would be to utilize for example the free UL S-DPCCH bits to carry F-PCICH related power control information. Due to the small amount of available bits and assumed lower quality than UL DPCCH, any alternative information such as the PCI reliability indication or applied antenna weight signalling proposed in [4] requiring high reliability cannot be allocated to those bits unless channel coding spans several slots.

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. In case of DPCH soft handover gain can be taken into account in power offset. 
Proposal 5 F-PCICH power control follows power control of F-DPCH or DPCH with a configurable power offset.
The reliability of the PCI feedback bits has been discussed for example in [4]. It was proposed in [4] to stop updating the precoding weights if unreliable feedback is detected by the UE. On the other hand, the NodeB should be aware of the event in order to be able to recover the weight calculation, possible synthesis based channel estimation and data demodulation. UE could signal this information for example using the S-DPCCH TPC bit field. As this signalling should be very robust one would require very low coding rate.

Another alternative to verify the reliability of the PCI bits is to include these bits into the out-of-synch status calculation procedure. This approach avoids layer 1 uplink signalling. The uplink transmitter would be shut down if either the DPCH/F-DPCH TPC or the F-PCICH PCI bits are unreliable. Different quality target for TPC and PCI bits could be considered if lower error rate is tolerated for the PCI bits.

So far there have been these decisions done on parameters of codebook:
· Codebook contains only phase components

· Antenna selection is supported, but not within the codebook

· Codebook size 4

It would be beneficial to keep F-PCICH and F-DPCH solutions as similar as possible. Hence it is proposed that BPSK modulation is used in F-PCICH and timing is similar to F-DPCH timing. If 2-bit codebook needs to be supported with these assumptions then two symbols are needed. This leads to two options, the symbols can be transmitted either as consecutive symbols in a same slot or in different slots with the same symbol position within a slot. Timing examples for both options are shown in Figure 1 and Figure 2. Both figures are assuming that symbol positions are among the two first ones within a slot. It is assumed that the signalled weight can be applied in the next UL slot after receiving the last feedback bit. Hence, the timing shown in the figures is the one providing the shortest possible delay. If the allocated feedback bit position is later in the slot then there is additional one slot delay in applying the new precoding weight in the UE but performance impact is probably not that significant due to the already slow update rate so other timing options are useful as well. 
Another assumption used in the figure is that precoding is changed only in UL TTI border. There might be a small performance benefit in decoding of UL data but this would hold only for the 2 ms UL TTI case. Thus, it is not absolutely necessary for DL timing to be according to UL TTI.

Benefit of option1 would be that same symbol allocation could be used for both F-DPCH and F-PCICH of the same UE. This benefit might be questionable since F-DPCH has soft handover which impacts the symbol selection. Soft handover is not needed in F-PCICH. The drawback of option 1 is that there is no simple way to allocate the 3 slots for different users. 

Benefit of option2 is better use of code resource and simpler indexing of resources. In addition, all symbol positions within a TTI can be used. 
Proposal 6 Consecutive symbols are used to signal precoding codeword index in F-PCICH.


[image: image1]
Figure 1 F-PCICH option1 timing example
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Figure 2 F-PCICH option2 timing example
2.4 Activation and deactivation

Issue of activation/deactivation of CLTD feature was discussed in RAN1 #65 based on proposal in [3]. There are at least two orders needed, one activating the feature and one deactivating. In case feature is deactivated there should be only legacy transmission in antenna 1. Hence activation states 1 and 4 would be needed.
It was also agreed in RAN1 #65 to support antenna selection but not by including it into codebook. In order to fulfil this agreement in closed loop context activation states 2 and 3 would also be needed. 

However activation state 5 does not seem to be justifiable since it seem to be needed for operation where node B would control UE transmission in closed loop way but it would not have pilot signal to base the decisions to.
Note also that activation state 3 and S-DPCCH gating would produce almost similar channel setup as the activation state 5. (same for states 2 and 4)

In order to prevent synchronization problems in initialization phase closed loop transmit diversity could be deactivated by default similar to DC-HSUPA.

Table 2. Possible activation/deactivation states
	CLTD activations state 1
	Feature fully activated

	CLTD activations state 2
	DPCCH and data channels transmitted via antenna 1, S-DPCCH via antenna 2

	CLTD activations state 3
	DPCCH and data channels transmitted via antenna 2, S-DPCCH via antenna 1

	CLTD activations state 4
	DPCCH and data channels transmitted via antenna 1

	CLTD activations state 5
	DPCCH and data channels transmitted via antenna 2


Proposal 7 Adopt CLTD activation states 2 and 3 in addition to 1 and 4.
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. Capability indication is discussed in detail in [5]. Due to robustness issues pointed it would be preferable to avoid usage of CLTD in CELL_FACH state.
Agreement:

· UL CLTD is not supported for RACH (preamble and R99 message part)

Decide at RAN1#66 regarding other support of UL CLTD in Cell_FACH.
3 Conclusions
In this contribution we have discussed UL CLTD open issues and made following proposals:

Proposal 1 TPC bits in DPCCH slot format 1 used for S-DPCCH are set to fixed value.
Proposal 2 Do not use gating of S-DPCCH
Proposal 3 Only one update rate is used for F-PCICH.
Proposal 4 Same timing is used for updating precoding in all cases.
Proposal 5 F-PCICH power control follows power control of F-DPCH or DPCH with a configurable power offset.
Proposal 6 Consecutive symbols are used to signal precoding codeword index in F-PCICH.
Proposal 7 Adopt CLTD activation states 2 and 3 in addition to 1 and 4.
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