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1. Background
At RAN#50 the Work Item on Uplink Transmit Diversity for HSPA was agreed [1]. In [2]-[5], some potential schemes for closed loop transmit diversity (CLTD) were presented together with some initial simulation results. These results show that CLTD can bring TX power gain which leads to coverage improvement and interference reduction [2]-[7]. 
In this contribution, we give our initial considerations on the closed loop uplink transmit diversity work item. We try to revisit the objectives, outline some potential study points, and propose an approximate work plan.
2. Objectives 
According to the closed loop uplink transmit diversity WID, the following objectives shall be fulfilled: 
· Support for Closed Loop Beamforming Transmit Diversity

· Confirm performance gains of closed loop transmit diversity and key factors of the feature design. The results shall be captured in an appropriate document, e.g. existing TR or summary document.

· UL Pilot channel structure for uplink channel sounding based on two pilot channels sent from two transmit antennas at the UE
· Investigate tradeoffs between implicit and explicit PCI indication in uplink and the design the related enhancements in uplink control channels

· Control signaling mechanisms, codebook and the related enhancements in downlink control channels
· Power control mechanisms 
· Required modifications to other L1 procedures
· Minimise the influence on HS-DPCCH performance and downlink throughput in soft hand over

· Investigate the interaction with existing UTRA features and CPC in particular 

· Specify the required changes in L2 protocols and related specifications

· Specify the required changes in L3 protocols and related specifications allowing activation and deactivation of closed loop transmit diversity.
3.  Potential Technical Study Points
In this section, we outline some study points for specification design. The following is proposed in WID to be taken into account:  
· As much as possible re-use the existing design for relevant control channels 

· Ensure coexistence with, and minimize the impact on, legacy devices not supporting transmit diversity
· Minimize the impact and the complexity on the terminal and the network
· Facilitate the possible extension to UL dual stream MIMO operation in particular for channel sounding and pilot design, control channel design and power control procedures.

3.1 Pilot Design
There are two main versions of CLTD schemes according to how the DPCCH(s) are transmitted in the uplink, the non pre-coded pilot scheme and the pre-coded pilot scheme. There are also, two pre-coding methods for the DPCCH(s) presented so far for the pre-coded pilot scheme [5]. We need confirm the performance gains of the different CLTD schemes before making a decision on which scheme to use. The extension to UL dual stream MIMO operation should also be taken into account in the pilot design. 
Irrespective of the pilot transmission scheme applied, the introduction of a secondary uplink pilot channel in the UE transmitter is necessary for beamforming CLTD. In order to minimize the changes to the legacy specification design, the primary DPCCH should be transmitted in the same way as in the legacy single antenna case. The secondary DPCCH could either use a new channelization code, or a new orthogonal pilot pattern in which case the same channelization code with the primary DPCCH can be applied.
The decision on the pilot transmission scheme should be given the highest priority. Other detailed design aspects can be addressed after the pilot transmission scheme has been decided.
3.2 Codebook Design
The codebook design for precoding weight selection is basically a trade-off between good performance with relative low complexity and overhead. The main study points are here:

· How many code words shall be supported?
· Whether the pre-coding vectors shall include both phase and amplitude?
Codebook design is analysed in documents [8] and [9]. In [8] it was pointed out that a codebook consisting of 4 - 8 code words can provide a reasonable trade-off between performance and downlink overhead. Here, only unitary code words were included. In [9], it was mentioned that not only the phase but also the amplitude needs to be included in the pre-coding weight information. 

It is valuable to consider the switch between CLTD and single-antenna transmit in special scenarios, so the vectors {0, 1} or {1, 0} should be contained in the codebook. Detailed codebook can be decided through comprehensive simulations.
Besides, the document [8] also pointed out that a codebook, in which the pre-coding vector included both the phase and amplitude information, offered an additional gain of approximately 0.5 dB comparing with a codebook in which the pre-coding vector only had phase information. In fact, the performance gain may be smaller in real estimation algorithms.
The codebook design needs also to be done at an early stage and requires comprehensive simulations for the comparison of the different designs. 
3.3 PCI Indication in uplink
For the non pre-coded pilot scheme, it is necessary for the UE to inform all Node B(s), especially the non-serving Node B(s), of the pre-coding vector. For the pre-coded pilot scheme, the non-serving cell does not need UL signalling from UE, which will bring no change of the uplink channels. However, if it is investigated to necessarily compensate the negative impact of the discontinuity of the smoothing filter on performance caused by the changes in the pre-coding vector, PCI indication shall be also introduced into the pre-coded pilot scheme to benefit the non-serving Node B(s).
Uplink physical channel, like E-DPCCH or DPCCH, is the possible bearer to carry the PCI. Obviously, new bits shall be added into the channel, but current basic channel structure shall be reused. 
3.4 Downlink Feedback Design
The serving Node B is the decision entity of the pre-coding vector and sends the PCI feedback through the downlink physical channel. The precoding weight updating rate impact is highly related to the fast or even moderate time-varying channels, e.g. VA30 channel. Besides updating rate, for the feedback design, the feedback delay and the error rate are the main points to be considered since they directly affect the gain of CLTD. Also, the error rate of the PCI feedback is a very important factor that directly impacts on the performance of HS-DPCCH, which in consequence affects the downlink performance.

There are several potential methods to design the feedback channel. Either reusing current physical channel or introducing a new physical channel to carry the feedback information is possible. Reusing F-DPCH is a candidate solution for the feedback design which was specifically illustrated in [8], including Time Division Multiplexing, Symbol Division Multiplexing, and Code Division Multiplexing methods. Potential impacts are the reduced TPC feedback rate, or changes in the slot format, or fragmentation of the resources. 

Another method is to introduce a new physical channel with an encoding format. For example, the precoding weight indicator can be encoded with a signature sequence, similar with the structure of E-RGCH/E-HICH. The feedback for several users, similar to using F-DPCH, can be multiplexed on one physical channel. However, the feedback delay probably becomes larger for some UEs.

3.5 Power Control
Uplink power control adjusts the UE transmit power in order to keep the received uplink DPCCH signal‑to‑interference ratio (SIR) at a given SIR target, SIRtarget. At the same time the uplink power control also adjusts the SIRtarget according to the error rate of E-DPDCH. The E-DPDCH SNR therefore should keep a linear relation with DPCCH SIR to ensure that the E-DPDCH SNR can correspondingly follow the adjustment of the SIR. In general, the operation of the inner power control loop should guarantee adjusting the power of the DPCCH and other physical channels by the same amount, provided there are no changes in gain factors.
In the legacy single antenna transmission scheme, the SIR relates to the primary DPCCH SIR. When it comes to CLTD, there are two transmit antennas and two DPCCH(s). Thus the power control procedure may need to be updated to take this into account. At the same time, changes to the current procedure should be minimised as much as possible. In beamforming CLTD, the SIR estimation of DPCCH may not be identical for different transmission schemes. As a result, there are two basic estimation methods, single DPCCH based SIR estimation or double DPCCH(s) based SIR estimation. 
3.6 Soft Handover
In soft handover, several issues may arise in conjunction with CLTD. First of all, the serving Node B is the entity that determines the pre-coding vectors to ensure that the received SIR is maximised at its receiver. Therefore, for the non pre-coded pilot scheme, the non-serving Node B needs uplink PCI signalling to allow demodulation of the pre-coded uplink signals.. 

Secondly, an issue arises for the downlink performance when UE directs its beam towards the non-serving Node B. Since the HS-DPCCH is only decoded at the serving Node B, HS-DPCCH performance would be deteriorated. As a result the downlink throughput may be reduced. However, if the error rate of PCI is low and the estimation of PCI is precise enough, the decoding performance of HS-DPCCH at serving Node B can probably be guaranteed. 
Therefore, these two factors must be taken into account for further the further study of CLTD. 
3.7 Impacts on features in L1

Investigations on the interaction of CLTD with existing UTRA features are needed to ensure full backward compatibility. For example, it should be discussed whether CLTD is applied in the Cell_FACH state or in CPC mode. Then, it also needs to be considered how preamble and message are sent in Cell_FACH state and what the impact of CPC operation is if CLTD is configured.

3.8 Mode Control

Although CLTD can bring benefits for coverage improvement and network capacity, in certain scenarios the corresponding gains may not be achievable, e.g. for UEs in high velocity or in very high rate traffic. In such cases, it is necessary for the network to control CLTD, e.g. to achieve better measurement accuracy, and if necessary also to disable its operation. 
3.9 Extension to UL MIMO
The CLTD design should take into account the future extension to UL MIMO. Several aspects of CLTD can already take into account this forward compatibility like the pilot design, codebook design, PCI indication, and feedback design. 
4. Work plan and Time scale
According to the time scale in the WID, we propose the following work plan: 

RAN1#63bis (January 17th-21st, Dublin, 2011) 
· Review the work scope of Closed loop Transmit Diversity
· Agree on link simulation assumptions and metrics
· Agree on system simulation assumptions and metrics
· Discussion on high-level CLTD layout
· Initial discussion on pilot transmission scheme and codebook structure 
RAN1#64 (February 21st-25th, Taipei, 2011)

· First link and system level results

· Refined simulation assumptions
· Agree on CLTD high-level layout and pilot transmission scheme

· Further work on codebook design and performance evaluation
· Start work on feedback and control channel design and evaluation

· Impact of CLTD on legacy features
· Summarize the RAN1 conclusion, send LS out to other WGs (RAN4 shall start after RAN#51)
RAN1#65 (May 9th-13th, Kobe, 2011)

· Update link-level and system-level simulation results

· Agree the codebook structure

· Agree basic design for control and feedback channels 

· Summarise CLTD performance evaluations
RAN1#66 (August 22nd-26th, Athens, 2011)

· Finalise most aspects of CLTD design
· Refine the RAN1 conclusion and send updated LS out to other WGs 

· Draft CRs for 25.211-25.215, based on RAN1 conclusion

RAN1#66bis (October 10th-14th, 2011)
· Discuss remaining issues on CLTD

· Continue discussion on Draft CRs
RAN1#67 (November 14th-18th, 2011)
· Final CRs for 25.211-25.215 agreed in RAN1
5. Conclusion
In this contribution, we give our initial considerations on the closed loop uplink transmit diversity work item. Some main study points are outlined and an approximate work plan was proposed. 
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