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1 Introduction

A WI on Uplink Transmit Diversity (UL TxDiv) for HSPA was approved in RAN#50 [1].  This T-doc investigates the beamforming weight feedback aspect of this WI.
2 Discussion
2.1 PCI Feedback Channel
It is beneficial to reuse an existing physical channel to avoid defining and testing a new channel.  This will also reduce the complexity of the NB and UE.  The feedback channel should be economical, in the sense that it should be able to serve a large number of UE at a fast rate.  The candidate physical channels are the F-DPCH and the E-HICH/E-RGCH (which is labelled as E-PCICH in [2]).
Considering the F-DPCH, the PCI could be updated every slot.  In each slot, the F-DPCH structure is further divided into 10 sub-slots where each sub-slot contains a feedback (TPC or PCI) to a UE.  A single F-DPCH code of SF256 can therefore support 10 UEs with either TPC or PCI. Each PCI information bit would be repeated and spread with SF256, which gives a processing gain of 27 dB.  Since the UE needs only to decode a sub-slot, if the PCI is located in an early sub-slot (e.g. the 3rd or lower sub-slots), it is possible that the UE can apply the PCI in the following slot.  An example of this is shown in Figure 1 where the NB transmits the PCI in slot n-1 and the UE processes the PCI within slot n-1.  The UE then applies the PCI in its transmission in slot n.
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Figure 1: PCI sent in an early sub-slot of an F-DPCH
In the case of “E-PCICH” (i.e. E-HICH/E-RGCH), an information bit is encoded in a slot ) and is repeated in the remaining slots of the (2 ms) TTI.  If no repetition is used, the PCI could be updated every E-PCICH slot.  Each information bit would be carried by a 40 bit signature in an E-PCICH slot.  There are 40 orthogonal signatures capable of carrying 40 users in each E-PCICH SF128 code.  The processing gain would be 37 dB.  Since the E-PCICH code is to be shared between 40 users, for the same energy per code, this gain may be reduced.  Since the UE has to demodulate the entire slot to obtain the PCI feedback, the UE can never apply the PCI in the following slot.  An example of this is shown in Figure 2.  Here the NB sends the PCI in slot n-1 and the UE receives the complete slot at the end of the slot (after some propagation delay).   The UE processes the PCI information in slot n (assuming it can be done within a slot as in the F-DPCH case in Figure 1).  The earliest the UE can apply the weight is in slot n+1.
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Figure 2: PCI sent in an E-PCICH

A comparison between F-DPCH and E-PCICH is summarised in Table 1.  Both channels have similar PCI update and demodulation performance (i.e. processing gain).  Ignoring the power per code, in terms of codespace, E-PCICH can contain more users per (SF128) codespace than that in F-DPCH.  However, if codespace is not a limiting factor, the same demodulation performance can be achieved in both schemes for the same amount of energy per user.  The PCI application is faster for F-DPCH but this is limited to a fraction of the users and the majority of the users will have similar delay.  Hence, there isn’t any significant difference between the two channels.
Table 1: Comparison between F-DPCH and E-PCICH for PCI feedback

	Parameters
	F-DPCH
	E-PCICH

	PCI update
	Every slot
	Every slot

	User per (SF128) codespace
	20 (10 per SF256 code)
	40

	Processing Gain (1 user/code)
	27 dB
	37 dB

	Processing Gain (10 users/code)
	27 dB
	27 dB

	PCI application delay (PCI processing less than 1 slot)
	1 slot (PCI in early sub-slots)

2 slot (PCI in later sub-slots)
	2 slots


2.2 Feedback Schemes
F-DPCH and E-PCICH can feed back more than 1 bit per slot.  In F-DPCH case, an additional sub-slot (or code) can be used whilst in E-PCICH case, an additional signature (or code) can be used.  In the following we look at the case where only 1 feedback information bit per slot is sent.
In a relative feedback scheme (sometimes referred to in RAN1#63bis as “implicit feedback”, but here we use the terms “relative” and “absolute” to avoid confusion with the “implicit” and “explicit” feedback types studied in LTE, where “implicit” refers to a precoder indication while “explicit” refers to a direct channel quantisation), the PCI weight can change by a fixed offset from the previous PCI weight.  Similar to TPC, only 1 bit of information is required, indicating whether the PCI weight phase should increase or decrease by (, a fixed amount.  An error in a PCI bit can be corrected in two updates.  For example if the NB sends a +1 (to increase by () but UE wrongly decodes a -1 (decrease by (), to correct this, the NB needs to change the phase by 2( or send +1 in two consecutive slots.  If ( is small, the relative scheme cannot have large changes in ( within a slot as it requires several updates to reach the desired phase difference.  This may be undesirable in a high speed channel since large phase changes can occur between slots.  This can be overcome by having more than one phase change but this comes at the expense of more information bits and delay.  For example, using 3 bits could allow changes of -4(, -3(, -2(, -(, (, 2(, 3( and 4(.
In an absolute  (sometimes referred to in RAN1#63bis as “explicit”) feedback scheme, the PCI weight can be one of the vectors in a codebook.  The PCI will point to an index in a codebook and hence the number of bits required to form an index is dependent on the codebook size.  If we have only 1 PCI bit per slot, a large codebook will require several slots of PCI information to form an index.  For example, for a codebook of size 8, 3 bits are required and the UE can only update its pre-coding weight after it has collected all 3 bits, i.e. an update rate of 3 slots [3].  Since the UE receives an index, the NB can indicate a large change in phase in an update.
A recursive feedback scheme is one that makes use of previously applied weight to determine the current weight to apply [4].  The relative feedback scheme can be considered as a form of recursive feedback.  Recursive feedback can also be applied in an absolute feedback scheme.  Here each information bit conveys further refinement to the desired weight.  For example, the PCI consists of 3 bits namely [a1, a2, a3] for a codebook size of 8 as shown in Figure 3.  Here the first PCI bit a1 indicates whether the vector lies in the upper or lower half of the codebook (i.e. depicted as a circle in Figure 3) and the UE can select one of the weights belong to that half and apply it in slot n.  The next PCI bit a2 indicates which of two quarters in the region indicated by the previous bit a1, the weight belongs to, and the UE selects a weight within this quarter to apply in slot n+1.  The final PCI bit a3 reveals the final position of the weight.  Rather than wait for the complete PCI bits to arrive, the UE can act upon each information bit as it arrives since each information bit reveals the region in which the final weight will reside.  In selecting a weight out of the available weights in the codebook region indicated by each PCI bit, the UE should choose the weight that has the smallest distance to the previous known weight.  That is in this example, the previous known weight is the weight used in slot n-1, which is a complete weight formed by all 3 information bits from slot n-3, n-2 and n-1.  Such a recursive scheme allows a codebook of larger size to be conveyed with less bits per slot and to be updated at every slot.
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Figure 3: Recursive feedback in an absolute feedback scheme

Recursive feedback can also be applied in an relative scheme that uses high number of bits to relay a phase change.  Similar to the absolute scheme, each successive information bit moves the phase change toward the desired phase change.  For example in a 3 bits feedback [a1, a2, a3], the possible phase change are [-4(, -3(, -2(, -(, (, 2(, 3(, 4(].  The first PCI bit a1 indicates the direction of the change and the UE will apply the minimum phase change ( in that direction (i.e. increase or decrease).  The second PCI bit a2 indicates whether it should remain at ( or move to 2( and the last bit a3 indicate the final phase change.
Thus recursive feedback can be seen as offering a combination of the advantages of relative and absolute feedback. 
3 Conclusions
The feedback channel and feedback scheme for closed loop UL TxDiv are discussed in this paper.  
There is no significant difference in using F-DPCH and E-PCICH as the feedback channel. We have a slight preference towards using the F-DPCH, due to the possibilities for early decoding, and updating every slot without changing the fundamental structure of the channel. 

Relative and absolute feedback schemes are discussed, and the use of recursive feedback is proposed as offering the combined advantages of relative and absolute schemes.
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