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1
Introduction

During RAN#53, a WI was approved, whose aim is to standardize the Multiflow transmission for HSPA [1]. 

During the RAN2#79bis meeting, there was a discussion concerning the possibility of combining the DL HSDPA Multiflow with the UL CLTD feature. In general features should be designed to be independently applicable and mutual exclusivity of any two features should be required only based on strong reasons. 

In [2], we presented some thoughts and the initial simulation results for the scenario when the assisting Multiflow cell provides the feedback instead of the serving one.  In this paper, we present our further considerations and simulation results for combining DL Multiflow and UL CLTD features where the active feedback is provided by the assisting cell.

2
CLTD feedback from the Multiflow assisting cell

2.1 General considerations 

As per current CLTD functionality in TS 25.331, if HSDPA is configured, then it is the serving cell that provides the active feedback for the UL transmission. At the same time, for the DCH channel, it is the network responsibility to specify via the RRC signaling the cell to be followed for the feedback. 

As for Multiflow, it is assumed that HSDPA is configured; and, as a result, Multiflow being combined with CLTD would follow the same principles as in TS 25.331 where only the serving cell provides the feedback. At the same time, unlike MC-HSDPA, Multiflow has a so-called assisting cell that resides on the same frequency as the serving cell, making it logically close to DCH. Thus, it is worth considering not only the serving cell, but also the assisting cell sending the CLTD feedback, if so configured by the network.

One of the reasons why a network might consider configuring CLTD feedback from assisting cell is to switch the cell in control of the beamforming based on uplink reception status of the two cells, also keeping in mind the HS-DPCCH performance, and allow for the serving cell change to be based on downlink quality with sufficient hysteresis reducing unnecessary serving cell changes. With this approach the network could, depending on the uplink/downlink data flow situations decide to have the uplink beamforming controlled by the worst uplink (equalize the HS-DPCCH performance in the two cells for Multiflow) or by the better uplink (maximize the E-DCH data rate with minimal other-cell interference).

As shown previously in the Multiflow simulation results, larger gains are achieved if the “handover” area for Multflow is extended up to 6dB, because more UEs are involved into Multiflow operation. However, larger DL imbalance yields larger UL imbalance, where it might be more challenging for the Node B with the worse uplink to receive and decode correctly HS-DPCCH. Thus, allowing a free selection between the serving and assisting cell controlling the beamforming, the HS-DPCCH reception quality can be equalized in the two cells without forcing the network to try and track which of the two cells is controlling the best link and moving the serving cell accordingly.

2.2 Simulation results

In this section we provide some simulation results for two major scenarios when the CLTD feedback is provided by the best and the 2nd best cell. The latter case aims at emulating the situation when the CLTD feedback comes from the Mutiflow assisting cell that falls into the “handover” area of 6dB difference between the serving and assisting cells.

The Table 1 and Table 2 below present the major parameters and values used in the simulations. The main performance criteria that we use in the comparison are DPCCH and E-DPDCH post-receiver SINR. The first criterion assists in analysing how the CLTD feedback can help the UL control channels reliability, while the second criterion quantifies the overall UL performance in terms of achievable bitrates.

    Table 1. Macro-cell simulation assumptions and parameters.

	Parameter 
	Value

	BS antenna pattern
	Parabolic

	Dimension of BS antenna model
	3D

	BS antenna gain (bore sight) 
	17 dBi

	BS antenna pattern azimuth width
	70º

	BS antenna pattern elevation width
	15º

	BS antenna tilt angle
	8º

	UT antenna pattern
	Omnidirectional

	Dimension of UT antenna model
	3D

	UT antenna gain 
	0 dBi 

	User terminal power 
	23 dBm 

	UT noise figure 
	7 dB 

	Thermal noise power 
	-174 dBm/Hz 

	Cell layout
	Wrap-around hexagonal grid, 

19 sites with 3 sectors per site 

	Inter-site distance 
	1000 m

	Minimum distance between UT and serving cell 
	25 m 

	Carrier frequency
	2.0 GHz 

	Penetration loss
	10 dB

	Channel model profile
	PA, VA

	Correlation between the antennas
	0

	User distribution
	Randomly and uniformly distributed over the area 

	User mobility model
	Doppler spectrum

	Users speed
	3 km/h, 30 km/h

	Interference modeling
	Explicitly modeled interference, given percentage of the strong interferes are modeled with taking into account their temporal and spatial correlation properties, less powerful interferers are modeled by equivalent AWGN noise 

	Traffic model
	Full buffer 


 Table 2. System-level simulation assumptions and parameters.

	Parameter
	Value

	Average number of users per sector
	0.25, 1, 4, 10

	Transmission modes
	CL-BFTD

	E-TFC set
	Updated E-TFC set with 64-QAM maximum modulation

	Link-to-system mapping interface
	Effective SINR based

	E-DCH TTI
	2 ms

	T2TP
	10 dB (depending on the E-TFC)

	Channel estimation
	Ideal

	Pilot SINR estimation
	Ideal, by an analytic formula 

	Node B receiver
	LMMSE with RX diversity (type 3)

	Number of TX antennas
	2 

	Number of RX antennas
	2

	Soft handover algorithm
	Enabled

	Softer handover algorithm
	Disabled

	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
	On

	ILPC delay
	2 slots

	ILPC period
	1 slot

	TPC error rate
	0.04 

	OLPC delay
	4 TTI

	Target BLER
	10% after the 1st transmission attempt

	Maximum number of HARQ attempts
	4

	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 NodeB)

	TPI feedback delay
	2 TTI

	TPI feedback error rate
	No errors, ideal feedback

	TPI update period
	1 TTI

	Target RoT
	6 dB


Below, there are the CDF curves for the so-called DPCCH post-receiver SINR as observed by the strongest and the 2nd strongest Node B, when there is no feedback, and when the feedback is provided by the strongest and the 2nd strongest cells. For the sake of brevity, results only for 1 and 10 UEs/sector are shown. As can be seen from the figures, if the CLTD feedback is controlled by the strongest cell, then there is a certain performance gap between the DPCCH SINR as observed by both Node B, and the gap is large when compared to the non-CLTD case. If the CLTD feedback is provided from the 2nd strongest cell, then the DPCCH performance is quite close from the viewpoint of both cells. The same behavior is observed for both the PA3 and VA3 channels.
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Figure 1. CDF of DPCCH post-receiver SINR, PA3 channel, 1 and 10 users per sector
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Figure 2. CDF of DPCCH post-receiver SINR, VA3 channel, 1 and 10 users per sector

Next, we present the simulation results for the E-DPDCH post-receiver SINR as observed by both cells, as in the case above, for the same scenarios when there is no feedback, and when the CLTD feedback is sent by the strongest and the 2nd strongest cells. The general behaviour of the CDF curves reminds the one for the DPCCH SINR, where it is visible that the average E-DPDCH performance declines from the viewpoint of the serving Node B. This is somewhat an anticipated result in a situation when the beam is not steered towards to the strongest cell. 
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Figure 3. CDF of E-DPDCH post-receiver SINR, PA3 channel, 1 and 10 users per sector
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Figure 4. CDF of E-DPDCH post-receiver SINR, VA3 channel, 1 and 10 users per sector

The table below summarizes the average UE throughput for the cases when the CLTD feedback is transmitted from either the strongest or the 2nd strongest Node B, as well as UL performance “degradation”. 

Table 3. Average user throughput for 0.25, 1, 4 and 10 users per sector, PA3 channel.

	Average UE throughput for CL-BFTD and SIMO

	Number of UEs per sector
	SIMO, TPI off, kbps
	CL-BFTD, TPI selected by strongest NodeB, kbps (gain %)
	CL-BFTD, TPI selected by 2nd strongest. NodeB, kbps (gain %)

	0.25
	3052
	3527 (15.56%)
	3238 (6.09%)

	1
	1386
	1735 (25.18%)
	1395 (0.65%)

	4
	337
	477 (41.54%)
	353 (4.75%)

	10
	105
	144 (37.14%)
	90 (-14.29%)


Table 4. Average user throughput for 0.25, 1, 4 and 10 users per sector, VA3 channel.

	Average UE throughput for CL-BFTD and SIMO

	Number of UEs per sector
	SIMO, TPI off, kbps
	CL-BFTD, TPI selected by strongest NodeB, kbps (gain %)
	CL-BFTD, TPI selected by 2nd strongest NodeB, kbps (gain %)

	0.25
	2864
	3089 (7.86%)
	2938 (2.58%)

	1
	1362
	1541 (13.14%)
	138 (31.54%)

	4
	370
	433 (17.03%)
	357 (-3.51%)

	10
	128
	138 (7.81%)
	107 (-16.41%)


2.2 Analysis and discussion 

Analysis of the DPCCH post-receiver SINR distributions demonstrates that average DPCCH SINR for the 2nd strongest cell significantly increases after moving the source of the TPI feedback to the 2nd strongest cell, while an average DPCCH SINR for the strongest cell just insignificantly declines due to power control ensuring that the received DPCCH SIR target is met at the best cell. The E-DPDCH post-receiver SINR distributions are similar to the DPCCH post-receiver SINR distributions. However, in case of the 2nd strongest cell providing the feedback, the E-DPDCH SINRs are usually lower when compared to the case of the strongest cell being in charge of the TPI commands. This is due to the somewhat reduced data rate leading to lower relative E-DPDCH transmit powers. It is interesting to note that when the radio channel is not the most favorable PA channel, the beam-forming cases provide similar or even better performance than SIMO case regardless of whether the strongest or the second strongest cell provides the TPI feedback. 

At the moment, it is somewhat challenging to quantify trade-offs between having improved performance of DPCCH versus decreased performance of E-DPDCH. On the one hand, UL capacity and achievable bitrates have been always a topic of big importance. On the other hand, DL Multiflow performance, especially the inter-site one and especially for large link imbalance, depends heavily on the quality of CQI and HARQ ACK/NACK feedback carried over HS-DPCCH. If the assisting Node B fails to decode and process them correctly, it can lead to decreased gains or at least limits the area  of Multiflow applicability to cases with a smaller link imbalance. 

It is also worth noting that in all the cases above, the UL full buffer traffic was analyzed, which is in fact not a typical traffic for UL if Multiflow is configured in DL. As known and shown from Multiflow simulations, this feature exploits the fact that the neighboring cells are not busy all the time, but rather have a bursty traffic. As a result, the UL traffic will be bursty as well due to the TCP ACKs sent for received packets. In this case, the decreased E-DPDCH performance might be negligible or have quite a marginal negative impact. This calls for more studies in this area.    

3
Conclusion

In this paper, we have presented further simulation results and analysis for the DL Multiflow and UL CLTD features when the assisting (2nd strongest cell) provides the feedback. As the preliminary outcome of the simulation results, providing the CLTD feedback from the Multiflow assisting cell improves significantly the DPCCH performance at the expense of decreased performance observed for E-DPDCH.
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