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1 Introduction

RAN2 has recently decided to enable the combination of DL multiflow and UL CLTD to be configured [1]. An issue associated with multiflow is that the HS-DPCCH control channel must be decodable at both the serving cell and the secondary cell. In soft handover, however the UE effectively follows power control commands from the instantaneously best cell (typically the serving cell). In this way, the DPCCH SINR target is met at the best cell, but not at the other cell. If a non SHO HS-DPCCH power offset is applied to the HS-DPCCH, then the HS-DPCCH is not likely to be decodable at the second best cell. The problem is typically solved by applying a larger HS-DPCCH offset for SHO UEs than for non SHO UEs, a procedure referred to in this document as HS-DPCCH boosting.
When UL CLTD is applied in the UL, the problem of low HS-DPCCH SINR at the second best cell is likely to be exacerbated. The UE follows beamforming weights sent from the serving cell. In general, the serving cell is likely to be the best cell and thus the UE will also follow power control commands from this cell. The non serving cell will experience suboptimal weights, which will reduce the DPCCH SINR compared to the case where no CLTD is applied. The amount of required HS-DPCCH boosting would be potentially larger, implying a larger overhead for HS-DPCCH.
A proposed improvement to multiflow & CLTD operation is to require the UE to instead follow beamforming weight commands from the non serving cell [1]. Following commands from the non serving cell could improve SINR towards the non serving cell, thus reducing the need for HS-DPCCH boosting and potentially improving system performance. The price for the performance improvement is that the non serving cell must send F-TPICH in the downlink to cells with a potentially large link imbalance.
This paper presents some simulation results considering CLTD, HS-DPCCH boosting and following UL TX weight commands from the non serving cell.
2 System level gain mechanisms
Assuming that the UL scheduler aims to maintain an RoT target, then the UL power budget when a single UE is scheduled is shown in Figure 1:


[image: image1]
Figure 1 UL resource budget
In the figure, it is assumed that a single UE is scheduled for clarity. If multiple UEs are scheduled, then the RoT budget for control and data will be shared in some way. Also if multiple UEs are in CELL_DCH state, then UEs that are not scheduled may take control overhead. The figure suggests that in the context of CLTD and multiflow, there are two gain mechanisms that could give rise to an increase in system level performance:

· If HS-DPCCH boosting can be reduced, then more of the UL power budget will be available for scheduling E-DPDCH.  Reducing HS-DPCCH boosting could potentially be achieved by following the non serving weight commands
· If intercell interference is reduced, more UL power budget is available for scheduling E-DPDCH. UL intercell interference can be reduced by reducing the TX power required for achieving the RX SINR target, in particular for SHO users. This is achieved by CLTD, most optimally by following weight commands from the best cell.
Obviously if both HS-DPCCH is reduced and intercell interference is reduced, then there will be some level of system gain. On the other hand if neither HS-DPCCH or intercell interference are reduced, there is no potential for gain. If one of these two gain mechanisms improves whilst the other worstens, system level simulations are needed to estimate the net gain.

3 Simulation investigation of UL performance
Link level simulations were performed using the assumptions described in the appendix. The link level simulations were performed with different levels of SHO offset between the two links.
First off all, link level results are examined based on the RX SINR and TX power of the serving cell and secondary cell., Figure 2 shows CDFs of RX SINR SHO offset is 0dB and 6dB
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Figure 2 RX SINR CDF with SHO offset 0dB (left) and 6dB (Right)
In each figure, the X axis shows RX SINR. The blue pair of curves show the RX SINR to the serving and secondary cells when no CLTD is applied. The red curves (which are hidden underneath the green in the 0dB case) show the RX SINR for the serving cell (called ‘Link 1’) and the second cell (called ‘Link 2’) when CLTD is applied. The red curves show the RX SINR for the two links when CLTD is applied and weights from the second best cell are followed.

In the 0dB offset, no CLTD case, the SINR CDFs for the serving and secondary cell are almost identical due to the fact that the two links are equal. The mean SINR is less than the SINR target due to the marcodiversity gain. 
When CLTD is applied with 0dB offset, the serving cell link experiences significantly superior SINR than the non serving link due to the CLTD gain on the serving link. When the secondary link is used for weight information, the secondary link experiences good SINR and the serving link poor SINR. (This effect is hidden because the red curves fall under the green curves). The good link experiences SINR nearer to the target since there is reduced macrodiversity gain, due to CLTD making one of the links superior to the other. The bad link experiences lower SINR than with no CLTD. Regardless of whether primary or secondary weights are followed, the worst SINR CDF is the same.
When the SHO offset is 6dB, with no CLTD the RX SINR on the secondary link is increased when no CLTD is applied compared with applying CLTD and following serving cell weights. The secondary link RX SINR is increased even further when CLTD is applied following the secondary weights.

From the RX SINR CDFs, we make the following observations:

· For low link imbalance, applying CLTD weights based on the second best link will bring no benefits compared with Rel-11 CLTD and cause an increase in the required amount of HS-DPCCH boosting compared with applying no CLTD.

· For high link imbalance, applying CLTD weights from the second cell can reduce the required amount of HS-DPCCH boosting compared with no CLTD and with CLTD following serving cell weights

Figure 3 shows CDFs of the TX power required in the UL considering no CLTD, CLTD following the best cell weights and CLTD following the second best cell weights. 
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Figure 3 TX power with SHO offset 0dB (left) and 6dB (right)
The TX power curves show the CLTD TX power gains. Since the links are equal, with SHO offset 0dB, CLTD gain is experienced regardless of whether weights are taken from the serving cell or the non serving cell. However applying CLTD reduces macrodiversity gain, which is experienced when CLTD is not applied. Thus, CLTD TX power gain is somewhat lower than in this type of channel with no SHO.
When the offset is 6dB, CLTD achieves a larger relative gain over no CLTD, since for no CLTD the macrodiversity gain reduces, whereas CLTD gain is maintained. However when weights from the second best cell are applied, the TX power gain compared to no CLTD is reduced to near zero.

We make the following observations:
· At low link offset, applying weights from the secondary cell causes a reduction in TX power compared with no CLTD, but the decrease is not greater than that achieved with Release 11 CLTD
· At high link offset, applying weights from the secondary cell does not yield a significant TX power gain over no CLTD.

There is a further aspect of behaviour that should be taken into account when considering interference impacts. When CLTD is applied, if the SHO offset is high then the CLTD improves the link towards the best cell, thus effectively increasing the link imbalance, This will have the effect of reducing the level of interference seen in the second best cell. However when the weights from the second best cell are followed, then the CLTD will improve the second best link, thus making the links more equal. This will increase the received power in the second best cell, and since RoT is the UL resource that is shared between users, UL resources will be reduced in the second best cell.


[image: image6]
Figure 4 Impact on link imbalance of following second best cell weights; RX power at second best cell increases

Figure 5 shows a CDF of RX power in the instantaneously worst cell for 0dB and 6dB link imbalance. The instantaneously worst cell is the cell with the lower RX SINR in each TTI. Since the SINR target is not met in the instantaneously worst cell, this power will contribute to interference and reduce the resources available for scheduling.
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Figure 5 RX power in the instantaneously worst cell with SHO offset 0dB (left) and 6dB (right)
When the link imlabance is 0dB, CLTD achieves a reduction in TX power and with no CLTD, there is some more macrodiversity gain. The leftmost plot shows that the amount of power experienced in the instantaneously worst cell is about the same in each case.

However when the link imbalance is large, the interference into the second best cell with CLTD is significantly reduced. This occurs because CLTD improves the link to the serving cell and reduces TX power, whilst not improving the link to the neighbor cell. On the other hand, when the second best link is followed the interference to the second best cell increases very significantly, and is similar to the amount of interference when the link imbalance is 0dB. CLTD following 2nd cell weights produces much more interference in the second best cell than no CLTD. 

Thus we make the following observation:

· Applying weights from the second cell will increase the interference experienced in the instantaneously worst cell, which causes additional resource usage and could be detrimental to system performance.
4 On system level simulation assumptions and baseline
In [1], system level simulations are performed that compare the performance when operating with CLTD, no CLTD and when applying CLTD weights from the second best cell in soft handover. No CLTD for all users, however is not the best performance that can be achieved with the current specifications. It is possible and should be no problem to configure CLTD for all non multiflow/SHO UEs and for all softer handover UEs. Alternatively, an intelligent Node B implementation could apply continuously the same TX weights for UEs that are in multiflow but not softer handover to avoid causing degradation when the SHO offset level is higher. With 0.25-4 users per cell, it is possible that a significant amount of interference arises from non SHO UEs.
Proposal 1: For evaluating the benefits of following the second best cell weights, the baseline should be a system in which CLTD is configured for non SHO and softer HO users, but not configured for SHO/multiflow users.

Furthermore, since HS-DPCCH boosting needs to be applied in all cases, it should be considered in system simulations. For some link imbalance levels, the HS-DPCCH boosting for CLTD with secondary weights will be higher than for no CLTD whereas for others it will be lower. In [1], it appears as if boosting is only applied for SIMO, and not in the CLTD cases.
Proposal 2: HS-DPCCH boosting levels are decided based on the link imbalance and SINR statistics and HS-DPCCH boosting is included in system simulations for both no CLTD and CLTD
Regarding the system simulation assumptions, we propose some further minor modifications to align with other system simulations:

Proposals 3:

· A HARQ operating point of 1% BLER after 4 transmissions should be taken, as this is typical for UL operation

5 Conclusion

In this paper, we have analysed using link level simulations following of weights from the second serving cell in order to reduce HS-DPCCH boosting. When the second cell weights are followed, it appears that for low link imbalances, applying weights from the secondary cell with CLTD causes an increase in the amount of HS-DPCCH boosting compared with no CLTD, whereas for high link imbalances it causes a decrease. Compared with Release 11 CLTD, at low link imbalance there is no gain in HS-DPCCH boosting, but the gain increases with increasing link imbalance. However with increasing link imbalance, the gain in TX power reduces to zero.
Applying weights from the second cell will in particular cause an increase in the amount of interference experienced in the instantaneously worst cell, which could have an impact for system performance.

When evaluating system level gains, it is important to use the right baseline and to take HS-DPCCH boosting into account in all cases. Therefore we propose the following assumptions for system simulations:

Proposal 1: For evaluating the benefits of following the second best cell weights, the baseline should be a system in which CLTD is configured for non SHO and softer HO users, but not configured for SHO/multiflow users.

Proposal 2: HS-DPCCH boosting levels are decided based on the link imbalance and SINR statistics and HS-DPCCH boosting is included in system simulations

Proposals 3:

· A HARQ operating point of 1% BLER after 4 transmissions should be taken, as this is typical for UL operation
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7 Appendix: Simulation parameters
	Parameter 
	3GPP

	Carrier frequency
	2.0 GHz

	Channel model profile
	PA

	Correlation between the antennas
	0

	Users speed
	3 km/h

	Traffic model
	Full buffer

	Pilot SINR estimation
	Ideal

	Number of TX antennas
	1 or 2

	Number of RX antennas
	2

	Active set association
	All sectors with the path gain difference below 6 dB from a maximum value

	Serving cell association
	By a maximum path gain value

	Inner loop power control
	On

	Outer loop power control
	Off

	ILPC delay
	2 slots

	ILPC period
	1 slot

	TPC error rate
	0

	Number of TX weights
	4, phase only codebook

	TPI selection
	Testing of all hypotheses to maximize the primary stream SINR (at strongest or 2nd strongest Node B)

	TPI feedback delay
	0 TTI

	TPI feedback error rate
	No errors, ideal feedback

	TPI update period
	1 TTI
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