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1
Introduction
In this contribution, we provide a text proposal to TR25.863 reflect the RAN4 findings and final recommendation on the UL Transmit Diversity for HSPA study item.
2
Objective of SI

In RAN1#60-bis, RAN1 concluded their findings on the ULTD study item [2]. We list below the objective of the study set forth in WID [2] for RAN WG4.

For RAN WG4 (starting after RAN#46):

· Agree on baseline assumptions and reference UE architecture for simulation.

· Investigate the impacts on the UE implementation.

· Investigate how to ensure that the UE operating an uplink Tx diversity will not cause any detrimental effects to overall system performance. Issues such as wrongly directed transmit beam should be considered.

· Investigate the impacts of Tx diversity on existing BS and UE RF and demodulation performance requirements, and analyse how to derive any additional performance/test requirements that are deemed needed as an outcome of the study, as well as understand the impacts of any such new requirements.

3
Text Proposal

***************************************TEXT STARTS HERE**********************************
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Summary of RAN WG4 Findings

A summary of the RAN WG4 findings on the practical aspects of the ULTD techniques is as follows:

· Performance associated with bursty traffic resulting in state transitions
· The effect of varying burst sizes and inter-burst time as well the impact of UE state transitions from IDLE to CELL_DCH on ULTD were captured in these simulations for practical ULTD algorithms as described in Section 4.3.1 and 4.3.2.

· In terms of average burst rate gain:

· SATD offers an average burst rate gain ranging from 2% to 8% in a PA3 channel setting. For VA30 channel, the gain in average user burst rate ranges from 1% up to 5%. 
· BFTD offers up to 7% gain in average user burst rate in a PA3 channel setting. For VA30 channel, no substantial improvement or degradation in terms of average user burst rate is observed.

· In terms of 10th percentile user burst rate:
· SATD offers up to 31% improvement for PA3 channel and up to 16% improvement for VA30 channel, thereby improving cell-edge user experience.
· BFTD offers up to 40% improvement for PA3 channel and up to 14% improvement for VA30 channel, thereby improving cell-edge user experience.
· Demodulation losses due to studied uplink transmit diversity techniques
· It was acknowledged that these techniques can impact  NodeB receiver performance. For the ULTD algorithms simulated, assuming practical NodeB receivers, the impact to NodeB receiver performance was difficult to conclude on, due to the fact that some results were attributed to the particular ULTD algorithms and the NodeB receiver used in simulations. For the practical SATD algorithm studied in the report, some results with a realistic NodeB implementation suggested that up to 0.65 dB (or ~16 %) more power would need to be received at the NodeB to obtain the same quality. For a sub-optimal BFTD algorithm studied in this report, using the same practical NodeB receiver, a significant impact (up to 2.6 dB or 81%) on received power was observed. On the other hand, for  other ULTD algorithms that were evaluated assuming  a different NodeB receiver, it was observed that the impact to the DPCCH set-point was observed to be < 0.1 dB for SATD and ~0.25 dB for BFTD for the commonly agreed simulation assumptions. Hence the impact to NodeB receiver performance can be concluded to depend on the ULTD algorithm and the practical NodeB receiver. However, no consensus regarding the amount of typical demodulation losses for SATD or BFTD was reached since the details of one of the NodeB receivers could not be disclosed.
· It was also shown that the BFTD algorithm is very sensitive to the mismatch in TPC delay assumed by the UE compared to the actual TPC delay introduced by the NodeB. Although, potential algorithms can be devised at the UE to try estimate the TPC delay, the feasibility of testing whether a UE was estimating the correct TPC delay or not is not clear. In particular, due to the lack of a reference NodeB power control implementation in the test setup, it was not clear how best to emulate the TPC bit generation that could happen in a practical NodeB receiver.
· For both transmit diversity schemes (i.e. BFTD and SATD) a negative Rx Ec/N0 was observed in different propagation conditions, i.e. the Rx Ec/N0 was increased in the presence of open loop transmit diversity.
· Effects from mixes of different uplink Tx diversity algorithms and/or legacy UEs
· Some results have shown that with different penetration levels, ranging from 25% to 75%, there are minor throughput and Tx-power gains for TX diversity users but at the same time some configurations can have impact on the performance experienced by non-TX diversity UEs. The degradation to non-TX diversity UEs was especially clear at larger ISD, when the non-TXD users are power limited. The simulations were performed assuming that all the Tx Diversity UEs were applying the same algorithms. The impact on the system performance when a mix of different ULTD algorithms were used by the UEs in the system, was not studied
· However, in another set of results, where UL was RoT limited rather than power limited (lower ISD), it was observed that when partial introduction of Tx Diversity enabled UEs is done, the gains were similar to the 100% penetration case. At the same time, small gains were observed for the legacy UEs. 

· One possible explanation to the difference in results is that different schedulers have been assumed.

· System impact of ULTD in high velocity propagation conditions

· A study was performed for both SATD and BFTD for the VA120 km/hr propagation channel. A substantial loss was observed in terms of mean user throughput and mean cell throughput when the long-term antenna imbalance is -4 dB. Furthermore, the reduction in UE transmit power was very small for the cases considered. It was proposed by two companies that in order to prevent the negative impact on the system performance in certain radio environments the possibility should exist for the network to control the ULTD operation. It was also pointed out that such control could exist in the ULTD algorithm itself that relies on a coarse estimate of the UE speed. It was on the other hand argued by another company that autonomous control of the ULTD diversity is less favourable to allow, because of the risk for system degradation due to the network not having control of the UE behaviour
 and due to large inaccuracies involved in speed estimation especially when DRX/DTX is used.  
· In order to prevent the negative impact on the system performance in certain radio environments we clearly see the benefit of having the possibility for the network to control the SATD operation.
· Performance of suboptimal ULTD algorithms

· In a study for the PA3 km/hr, the performance of a suboptimal SATD algorithm was evaluated. This was modelled by letting the UE take a random decision for a certain part of the radio frames. It was observed that the performance degradation was dependent on the level of randomized behaviour of the UE algorithm and performance degrades also for algorithms that are only slightly imperfect. This indicates that the system performance may be sensitive to what type of ULTD algorithm that the UE is utilizing.
· Interaction with DC-HSUPA
· The co-existence of open loop transmit diversity with DC-HSUPA has not been studied.
· UE battery and heat savings

· UE battery and heat savings analysis was performed using two different methodologies that assumed practical PA efficiency curves. 

· One methodology was based on using two UE transmit power profiles 1) due to the CDG35 user transmit power profile; and 2) due to HSUPA traffic from a UE located  at one fixed stationary position at cell-edge in a live network. Each of these UE transmit power profiles were then used along with the PA efficiency curve to evaluate the potential gains in UE battery and heat consumption for a range of transmit power reductions of the same order as observed in the link and system study for both SATD and BFTD. Using this methodology, for a 2dB reduction in transmit power, BFTD offered up to ~18% savings in PA power consumption while for a 1.5dB reduction in UE average transmit power, SATD offered up to ~8% savings in PA power consumption. In practice the size of the gain will be highly dependent on the average reduction in Tx power and it should be noted that for the VA30 channel the observed gains were in general closer to 1 dB for BFTD and 0.5 dB for SATD. It should also be noted that the study focused on a specific PA design and that the end results might differ when other PA designs are considered.

· Another methodology was based on evaluating the battery life gains of SATD in a system simulation. The simulation did consider the power consumption only in the PA. The simulation did not assume any additional demodulation losses (in case such demodulation losses occur this could result in a smaller gain in PA power consumption). It assumed a long-term antenna imbalance of 0dB for the second transmit antenna, an ideal path searcher, and accounted for an insertion loss introduced by the RF switch. Based on an insertion loss of 0.8 dB, the analysis was shown to demonstrate an increase in average power consumption by the PA with up to 17.5% for the VA30 channel. For a more optimistic insertion loss of 0.3 dB, the increase was in the order of 4%. For the PA3 channel model the study showed results ranging from a reduction in PA power consumption of 2.5% to an increase in PA power consumption of 8%, as the insertion loss increased from 0.3 to 0.8 dB. It should be noted that the PA power will dominate in the UE power consumption when the UE transmits at close to maximum transmit power. 
· PRACH coverage impact due to BFTD

· One of the candidate UE architectures was discussed which allowed the UE to use a full power PA in Idle or CELL_FACH state thereby ensuring that the PRACH coverage remained unaltered. The same UE when transmitting in CELL_DCH was shown to operate in two half-power PA mode, when BFTD is enabled using the technique of dynamic voltage scaling. Hence it was concluded that using such a UE architecture, enabling BFTD in the UE in CELL_DCH could have no impact on UL PRACH coverage. However, to guarantee that the UL PRACH coverage is not degraded it would be necessary to ensure that BFTD UEs only transmit from one antenna (thus at least one full power PA would always be needed).

· Impacts on UE implementation

· Impacts to UE implementation were identified. Besides the introduction of control logic to support the ULTD algorithms, it was identified that additional duplexer, and an additional transmit antenna would be required at the UE for both SATD and BFTD. In addition for SATD, a RF switch would be required to support the antenna switching operation while for BFTD, a second power amplifier (PA) would be required. Some of these components would need to be specific for the frequency band on which UL TXD is supported. For SATD, it was also noted that unless the specification allows for a maximum power reduction to mitigate the effect of additional insertion loss due to the switch, the PA size would need to be increased.
· Impact on existing UE core requirements
· The impact analysis on UE Tx core requirements due to SATD was discussed. In particular, it was argued by one company that since the UE architecture for SATD uses the same transmit chain as for the case when SATD is disabled, there is no impact to all but 1 of the Tx core requirements. In particular, due to the presence of an RF switch, if the PA design used in existing architectures is not modified, it is expected that some relaxation may be beneficial with regard to the UE maximum output power requirement (6.2.1 in 25.101). In situations where SATD is not enabled this may reduce uplink coverage for these UEs (the magnitude will be dependent on the size of the relaxation). Furthermore due to the existence of a second duplexer and a second antenna, it was considered necessary that the UE be manually configured to transmit on the second antenna and test for 1) UE maximum output power, 2) Spurious Emissions (6.6.3) and Error Vector Magnitude (6.8.2). 
· With regard to UE Rx core requirements, it was suggested that there may be a need to test the receiver performance against existing requirements by manually configuring the UE to transmit on each antenna separately so as to capture the impact of the Tx/Rx isolation due to each of the duplexers.
· Introduction of new core Tx requirements
· It was discussed whether it would be possible to devise sufficient test coverage for UEs employing open loop transmit diversity, since there are no specifications detailing the UE behavior. It was argued by some companies that the requirements should focus on a few selected architectures, while other companies argued that no specific architecture could be assumed when devising the test because of the lack of specification on UE behavior. It was discussed whether the tests could employ an initialization phase that would identify specific UE architectures and adapt the testing accordingly, no consensus was however reached on whether this would be feasible.
· For SATD, the following new core Tx requirements were proposed by the proponents of the architecture specific test approach :

· A limit on the antenna switching rate to ensure minimal impact to NodeB receiver performance. Further work would be needed to determine suitable TPC bit patterns to ensure that the UE does not exceed this limit. 
· In addition to a switching rate limit, the need for additional TX core requirements to ensure minimal impact to node B receiver was discussed but not concluded. 
·  It was also pointed out by a few companies that further study may be needed during any possible work item to evaluate if there is a need to specify a requirement on the power emitted by the unused antenna port thereby limiting the amount of leakage introduced by the switch from the active transmit path.

· The need for additional TX requirements to ensure the gains of TX diversity were realized was discussed, but the feasibility of such requirements was not concluded.
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Conclusion

A link and system study was carried out by RAN WG1 to investigate UL Tx diversity techniques for HSPA under the constraint that no new standardised dynamic feedback signalling would be required between network and UE. In particular, both forms of transmit diversity, 1) switched antenna Tx diversity (simultaneous transmission from 1 transmit antenna) and 2) beamforming (simultaneous transmission from 2 Tx antennas) were thoroughly investigated. In general potential gains (or losses) from ULTD in terms of throughput and power saving varied between scenarios and companies. One potential explanation for the latter was that different companies assume different Node-B schedulers. For slow fading propagation conditions some gains for the average and 10th percentile user throughputs for the TX-diversity users were noticed. In other scenarios (fast fading, negative long term antenna imbalance), smaller gains or some losses were also observed. A detailed conclusion on the system evaluation of these techniques and the set of assumptions on which the results rely can be found in Section 7.3. 

RAN WG4 further discussed the practical aspects of these techniques. In general, there were agreements on a few topics including 1) impact on UE implementation, 2) partial agreement on impact on existing core requirements such as the need for relaxing the UE maximum output power requirement, 3) bursty traffic system performance under the assumption that there would be no additional Node-B demodulation losses,4) System performance degradation due to incorrect TPC delay It was considered that the UE modifications to support ULTD operation were feasible. It was also argued by one company that the difficulty to devise appropriate test-cases might induce a risk for system performance degradation... It was also acknowledged that some relaxation would be required with regard to the UE maximum output power requirement for SATD operation in order to overcome the additional transmit chain insertion loss due to the added circuitry associated with the feature.. Finally, it was agreed that incorrect estimate of delays corresponding to TPC commands at the UE causes negative impacts to open loop beamforming.

However, it was difficult to arrive at a consensus on the following topics:

· NodeB Demodulation losses associated with various possible algorithms
· Effects from mixes of different uplink Tx diversity algorithms and/or legacy UEs
· Feasibility of testing of new core Tx requirements
· Feasibility of testing TPC delay correctness

· UE battery power and heat savings
More details on the RAN WG4 findings can be found in Section 13.

Based on the study performed here, it is considered that the UL Transmit Diversity techniques for HSPA can help improve the uplink coverage for TX-diversity users in some scenarios, while marginally improve system performance with large penetration of TX-diversity capable UE’s.. It should be noted that there were some potential system performance concerns raised under some conditions (eg. sub-optimal transmit diversity algorithms, high velocity propagation conditions along with zero antenna correlation and negative long term antenna imbalance) due to implications to non-TX-diversity users performance, and due to impact on the legacy Node B performance. For this purpose, it was recommended that higher layer signaling to enable/disable the uplink transmit diversity transmission should be considered as a possible method to mitigate some of these concerns, although it has not been evaluated whether such signaling can be effectively used in a dynamic manner. It should also be noted that the co-existence of open loop uplink transmit diversity with DC-HSUPA has not been studied.
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