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1 Introduction

In [1], it is suggested to replace the downlink dedicated channels by a new common channel to transfer the SS and TPC for the TDD HSDPA LCR “Data only” users (i.e. those with no conversational class traffic). In [2] it has been shown that the efficiency of downlink channelisation code usage is improved, and also power resources may be reduced for larger numbers of users (ie: loaded systems).
On presentation of [2] a question was raised as to whether PLCCH carries a transmit power penalty (compared to N x DPCH) when smart antennas are used (the analysis presented in [2] did not consider the explicit case of smart antennas, although frequency re-use and sectorisation were considered which can be considered to provide to some degree, a similar type of benefit to that of smart antennas).

Some general discussion on this aspect is presented in section 2, and further analysis is presented in section 3 to investigate the DL transmit power requirements of PLCCH vs: DPCH with smart antennas.

Further discussion is presented in section 4 and conclusions in section 5.
2 General Discussion

Smart antennas are intended to provide the required C/I to a user but using less Node-B transmit power resources (due to an effective increase in antenna gain), and causing less interference to other users (by means of the spatial control of the transmitted power).

The result is that through the use of smart antenna techniques, an improved downlink C/I distribution across the system is observed, which may be exploited via a corresponding capacity increase and an increased admission of users onto the (HSDPA) system.

However, this capacity cannot be exploited if the code resources are not available to serve these additional users.  In other words, one finds that as the C/I distribution is improved, the average number of SF16 downlink DPCH’s that may be supported per timeslot becomes hard-limited at 16 due a lack of code resources.  Thus, smart antennas alone can only improve the system capacity up to a certain point, at which the system becomes code limited due to the presence of the multiple associated DL DPCH’s and the finite code resources available.

Under these circumstances, it may still be beneficial to employ a common signaling channel to replace the N x DL DPCH’s, even if there were a net power increase.

This is because the common signaling channel is able to remove the code limitation in the system, and free-up transmission resources for HSDPA traffic.

There may be some circumstances and deployments for which operation with N x DL DPCH is preferred over operation with a common signaling channel (such as PLCCH), and the decision to run with such an RRM policy may be freely taken by the network operator.

However, [2] has shown that there are proven system benefits which arise when the associated downlink DPCH’s are replaced with a common signaling channel.  This applies both in terms of minimisation of the used code resources (as per the goal of the WI) and even also in terms of reducing consumed.
3 Average Power Requirement for PLCCH with Smart Antennas
3.1 Link Aspects
In this section, we provide the link level simulation results for PLCCH with rate ½ convolutional coding and QPSK modulation, which carries 36 bits of TPC and SS information for a set of 14 users. 
Without PLCCH, TPC/SS is transmitted in a normal dedicated channel DPCH, in which both TPC/SS is encoded by ½ repetition code and the spreading factor is 16. Figure 1 shows the simulations results of TPC/SS carrying by both PLCCH and DPCH under the Pedestrian B channel. It is shown that the required SNR for PLCCH and normal burst to achieve BER = 1% are 6.0 and 6.2 dB respectively. These values are then be used for estimating the required transmit power for both schemes.
	　
	PLCCH
	TPC/SS carrying by DPCH

	Target
	BER = 10-2
	BER = 10-2

	Spreading Factor
	16
	16

	Modulation
	QPSK
	QPSK

	Coding
	Convoluational code
	Repetition Code

	Overall coding and puncturing rate
	0.5
	0.5

	required Eb/No
	6.0 dB
	 6.2 dB

	Margin
	2 dB
	2 dB

	Processing Gain
	 12.04 dB  
	 12.04 dB

	C/(N+I)
	-4.04 dB
	 -3.84 dB

	SS/TPC Update Rate
	5ms
	5ms


Table 1: PLCCH and DPCH configurations
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Figure 1: BER performance for TPC/SS in Ped B channel
3.2 System Aspects
We present the average transmit power required for Node B to achieve reliable transmission of PLCCH and DPCH carrying TPC/SS with various number of users. Multi-cells environment with 2 tiers neighbour cells is modelled and the cell radius is fixed to 1 km. Deployments with frequency re-use factor, Nfreq reuse, 1 and 3 are considered. 

Firstly, we estimate the average required C/I for k users with DPCHs to achieve the target performance with smart antennas, where 1 < k < 16. The corresponding Node B transmit power which can fulfil the target C/I requirement with outage probability less than 5%. The outage probability is defined as the probability that any of the k users may require more than 40dBm (maximum Node B transmit power). Secondly, the required transmit power for PLCCH to cover the cell with same outage requirement is then obtained. Therefore, the average transmit power in both cases are simulated with the same cell radius; same outage probability and same maximum transmit power limitation. The required Eb/No for both channels are shown in Table 1 and Table 2 shows the simulation configuration.
Furthermore, a closed loop power control can be employed for PLCCH. The associated UE decoded the PLCCH to obtain the TPC/SS commands for to mantain the uplink power control and shift synchronisation loop of the UL DPCH. The UE also estimate the receives power level of PLCCH and sent the TPC command on UL DPCH back to Node B. Hence Node B can determine the transmit power of PLCCH according to all received TPC commands.
	Parameters
	Value

	
Carrier frequency
	2.0 GHz

	
Deployment
	Single sector per cell

	BS maximum transmitted power
	40 dBm

	BS minimum transmitted power
	10 dBm

	BS antenna gain
	11 dB

	User terminal antenna gain
	0 dB

	Average interference reduction 

due to Smart antenna gain for DPCH
	5 dB

	Pathloss formula
	37.6 * log10(R) + 15.3

	Shadow fading standard deviation
	10 dB

	Chip Rate
	1.28 Mbps

	Spreading factor
	16


Table 2: Simulation Configurations
Figure 2 and Figure 3 show simulation results for the deployment with Nfreq reuse = 1 and 3 respectively. They show the required transmit power for both DPCH and PLCCH carrying TPC/SS with less than 5% outage. 
It is observed that the average transmit power for DPCH(s) carrying TPC/SS increase as the number of users increase. The required power is less than that was reported in [2] due to the gain of smart antenna. It is shown that the transmit power for DPCHs carrying 11 and 14 users’ TPC/SS require more power than that of PLCCH with Nfreq reuse = 1 and 3 respectively. 
For small number of users in the cells, it is shown that the data only HSDPA users’ TPC/SS carried by DPCH provides the best power efficiency. In this situation, there are enough codes for the channel configuration, and hence introducing PLCCH to carry TPC/SS may not be necessary.

For a cell with a large number of users, by introducing the PLCCH, a significant code resource can be freed with reasonable power consumption. For example, if 14 set of TPC/SSs were carried by DPCHs in a cell with Nfreq reuse= 3, only 33.5 dB are required due to the good efficiency of smart antenna. In this case, 6.5dB of Node B DL transmit power can be used, however no extra code is available in this time slot since all codes were allocated to DPCHs, which only carry TPC/SS without containing any users’ data. This scenario often happens due to the enhancement of beamforming. In this case, the cell is code limited rather than DL power limited. On the other hand, 13 extra code are freed up when PLCCH carrying all 14 set of users’ TPC/SS. In this case, PLCCH (without power control) requires less power with significant code utilisation optimisation. As a result, 15 channelisation codes and 7 dB power resource can be utilised by Node B for other channels.
Furthermore, in the case of 11 users in the cell and Nfreq reuse= 3, PLCCH with power control require similar transmit power of that of DPCH(s). However, it can free up 10 channelisation codes comparing to DPCH(s) with 8 dB power resource, which can be use by Node B for other channels.
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Figure 2: Simulation results of average transmit power of PLCCH and DPCH(s) with frequency reuse factor=1.  
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Figure 3: Simulation results of average transmit power of PLCCH and DPCH(s) with frequency reuse factor=3. 
4 Discussion

The following answers respond to the questions that were raised in the RAN1 meeting.

(1)
Does the PLCCH only free up codes at the expense of a significant increment in the transmit power when compared to DPCHs with smart antennas?

No, simulations have clearly shown that the required transmit power is less than that of DPCHs in a heavily loaded system Figure 2 and Figure 3. Depending on operator preference, PLCCH need not be used in a cell with only a few users. Here, code resources are in any case not limited and as such this few-user scenario is not of primary concern to this WI.
(2)
Does it impact the exiting smart antenna operations and configuration?

It is proposed that using the PLCCH for TPC/SS transmission is optional for UTRAN. It has been shown that PLCCH can be used in medium to heavily loaded systems to relieve the demand of both power and code resources.  There is no proposal to remove support for HSDPA operation with associated downlink DPCHs (PLCCH is additional functionality on top of the functionality which exists in release 5).
(3)
Is it still possible to support in/out of synchronization notification without DL DPCH?
Yes, TDD HCR can support HSDPA service without downlink dedicated channel connection. In TDD HCR, it was proposed that the CPHY-Sync-IND and CPHY-Out-of-Sync-IND are generated by UE L1 using the measurements from HS-DSCH, HS-SCCH and BCH channels when operating HSDPA without an associated DL DPCH [3]. This method can also be applied to TDD LCR together with the measurement from PLCCH.
(4)
Is there enough power left for UTRAN to use the codes that are freed up?

Our simulations have shown that there are still power resource (7.5dB or more than 80% of NodeB Tx power) left with PLCCH, which frees 13 channelization codes. A couple of more users (or channels) can be supported. This exactly aligns the objective of the WI “Optimization of Channelization code Utilization in TDD LCR”. 

(5) Does PLCCH introduce extra inter and intra cell interference?
PLCCH requires more power to carry TPC/SS in a cell with only few users as stated in Figure 2 and 3. In medium to heavily loaded system, it clearly demonstrates that the required power of DL DPCHs consume more transmit power even with DL beamforming compared to that of the common PLCCH (with and without power control). The inter-cell interference is directly related to the transmit power of the interested cell; hence the inter-cell interference introduced by using DL DPCHs is actually more than that of a single PLCCH. PLCCH uses less channelization codes than DL DPCHs. Due to less orthogonality degradation, less intra cell interference is introduced.
The PLCCH scheme clearly demonstrates significant code efficiency advantages over N x DPCH in line with the objectives of the WI “Optimisation of DL Code Utilisation for TDD LCR” and without significant transmit power requirement impact. Optimisation of code utilisation is not required if the cell is very lightly loaded and so has sufficient code resources. 
5 Conclusion

In this document, concerns regarding the application of a common TPC/SS signalling channel in LCR TDD systems employing smart antenna techniques have been addressed.

It has been shown that the PLCCH is able to remove the code limitation in the system, and free-up transmission resources for HSDPA traffic. The required transmit power of Node B is also reduced by employing PLCCH particularly in heavily loaded system. Therefore, it is recommended to employ the PLCCH to carry HSDPA “data only” users’ associated uplink TPC and SS in order to relieve the code resource in heavily load system.
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