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1. Introduction 

On MBMS topic in RAN1, the main focus so far has been on the use of existing methods such as the use of PTP (point to point) transmission using dedicated channels and PTMP (point to multi point) transmission using S-CCPCH. While PTMP transmission seems to be a more feasible option from radio resource point of view, results [2], [3] have shown that to cover the whole cell area, the power requirement is still rather high. 

Several techniques have been proposed in conjunction with S-CCPCH to reduce the power requirement such as longer TTI and STTD. While the use of STTD has shown to bring power savings of 2-3 db, this is not true for cells with single antenna configuration and hence some means of reducing the power requirement are still required for a meaningful introduction of MBMS.

In this document, we introduce Power Control Enabled S-CCPCH scheme or PCE. We have shown that by introducing PCE, we could benefit not only in terms of Node-B power but compared to PTP scheme, it is code efficient and is also simpler in terms of transition between PTMP scheme.

2. Description of PCE scheme 
PCE scheme is enhancement to the current S-CCPCH, enabling the use of closed loop power control. This is done based on the TPC commands sent by the UE’s receiving MBMS data. The existing R99 S-CCPCH does not support closed loop power control and is purely a downlink common channel transmission scheme without any associated uplink channel. In the PCE scheme, associated DPCH is introduced in uplink and downlink directions. Figure-1 presents the basic concept of the scheme based on power control according to the worst case MBMS user in the cell. The idea is to save power when the MBMS cell coverage is smaller then the actual cell coverage. 
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Fig1: Worst case UE based power control with associated DPCH
When the UTRAN decides to activate PCE scheme, it allocates associated DPCH for each user in the active MBMS user group. The decision to activate the PCE scheme could be based on the number of users or power criteria. The subject of selecting the most optimum scheme and switching from one to another is addressed in [1].

The purpose of DPCH in the uplink is to control power of the downlink DPCH by sending TPC bits. If there are ‘N’ MBMS active users in the cell, the Node-B receives ‘N’ TPC commands per slot. In order to satisfy all the MBMS users in the cell, the power control of MBMS data channel has to be based on the power requirement of the worst user. The power of S-CCPCH has a fixed offset with DL-DPCH power and is controlled correspondingly to the worst DPCH.  Thus, the Node-B will reduce power of the data channel only when all the TPC commands from ‘N’ users are down. In case one of the UE from the user group needs more power, the power of S-CCPCH will be increased to satisfy all the users. The DL DPCCH carries power control commands for UL DPCH. The DL DPCH could possibly carry other MBMS related signalling.

3. Simulation results 

The simulation assumptions are outlined in the appendix. In figure-2 & 3, we have simulated case1 and case3. We have plotted Ec/Ior as a function of number of users for PTP scheme using DPCH, PTMP using S-CCPCH and PCE scheme. MBMS data rate of 64Kbps is assumed with a BLER of 1%. The users in the cell are distributed uniformly. 

From figure2 & 3, it can be observed that PCE scheme consumes less power then PTP except for the case when number of users is less then 2 in case1 and less then 3 in case3. Compared to PTMP, PCE performs better up to 3 users in case1 and 12 users in case3. The power savings are larger in case3 because of more multipaths. 

PCE performs better then PTP even when SHO with 0db imbalance is simulated for PTP. In case of PCE, only associated DPCH’s are simulated with soft handover while S-CCPCH does not support SHO. It is to be noted that with SHO, the power savings with PCE would be even larger compared to PTP.  
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Fig. 2: PTP, PCE and PTMP schemes case-1 (uniform distribution)
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Fig.3: PTP, PCE and PTMP schemes for case-3 (Uniform distribution)

In figure 4 & 5, we have plotted power requirement for PCE and PTMP by dividing the cell area in to 3 layers of concentric cells as shown in figure6 (appendix). The power usage for PTMP is the same for all the cases as there is no power control. For the PCE case, power control is enabled and the required power depends on the actual coverage area. We can see in fig.4&5 that when the MBMS users are located in the inner most circle (Area-a), the PCE scheme could provide more significant power savings compared to S-CCPCH without power control. These are examples of realistic situations like hot spots or stadium scenarios where the users happen to be located within a common geographical area close to the base station.
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Fig.4: PCE and PTMP case-1 
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Fig.5: PCE and PTMP case-3 

4. Comparison of PCE and other schemes 

Table-1 presents a comparison between PCE and other schemes 

	
	Point to Point (PTP)
	Power Control Enabled (PCE)
	Power Control Disabled (PTMP)

	Channel Structure
	DPCH * n
	S-CCPCH + DPCH*n 
	S-CCPCH

	Code Resource
	UL: SF 256 * n

DL: SF 32 * n
	DL: SF 32 + SF 512 * n                     UL: SF 256 * n
	DL: SF 32


	Switching
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PTP          PTMP

TFCS change needed (data and signalling multiplexed on a single physical channel).
	PCE            PTMP

TFCS change not needed (data and signalling mapped to different physical channels).
	N/A

	Soft Combining in SHO region
	Yes
	TBD
	TBD


Table 1
5. Comments and observations

From the simulation results in section 3 and the comparison presented in section 4, following comments and observations could be made:

· PCE consumes less power and codes then PTP except for the case of one user in the cell when PTP is more efficient.

· PCE consumes less power then PTMP. The power savings with PCE depends on the number of users, type of channel and the location of the users in the cell. From fig.3 it can be seen that for a uniform distribution of users in the cell, PCE consumes less power than PTMP when the MBMS group size is 12 or less.
· In many real situations like hot spots or stadium scenarios when the users may be concentrated in an area under good geometry conditions, the closed loop power control in PCE could provide even more power savings over PTMP scheme. 

· PCE is simpler and more reliable in terms of switching between two schemes. If PTP and PTMP are considered as a combinational scheme, then switching between them is not so simple as change of TFCS has to be carried out.  On the other hand, when PCE is considered with PTMP, the transport format is not changed, as the MBMS physical and transport channels remain the same while the additional DPCH could be mapped on a separate CCTrCh. This makes the switching much simpler.    

.
6. Conclusion and proposal

We presented a scheme to reduce the power consumption of MBMS transmission by controlling power of S-CCPCH. We also did a comparative study of other schemes. 

Based on the simulation results, we believe that channel type switching is necessary because both PTP and PCE shows better performance than PTMP in cases when the MBMS group size is small or the users are located close to the base station.

Compared with PTP scheme, PCE shows better performance in following aspects: 

1. Less power consumption

2. Less code demand 

3. Transition to PTMP
Therefore, we propose that PCE instead of PTP shall be supported.
It should be noted that PCE could be complementary to other proposed techniques like longer TTI and STTD and will provide additional gains. For an operator, PCE scheme could be highly useful, even more so in situations when the gains from STTD and longer TTI are not available in the system.
Appendix

The simulation assumptions are outlined below

	Parameter
	Explanation/Assumption
	Comments

	Service bit rate
	64 Kbps
	Video streaming service

	Cellular layout
	Hexagonal grid, 3-sector sites
	

	Site to Site distance
	2800 m
	

	Antenna pattern
	As proposed in UMTS 30.03 v3.2.0
	Only horizontal pattern specified

	Propagation model
	L = 128.1 + 37.6 Log10(R)
	R in kilometres

	Carrier frequency
	2000 MHz
	

	BS antenna gain
	14 dB
	

	UE antenna gain
	0 dBi
	

	UE noise figure
	9 dB
	

	BS total Tx power
	44 dBm
	about 25 W

	Fast Fading model
	As proposed in TS 25.101
	CASE1 and CASE3

	Active Set Size
	2
	Secondary pilots within 6 dB of the Strongest pilot and above minimum Ec/Io threshold (-16dB). The active set is fixed for the drop. 

	SHO imbalance 
	
	0 dB

	Power Control part
	
	

	Step Size
	Inner loop power control
	1 dB

	InitialPower
	Initial power allocated for one user
	Divide the MaxPower averagely to all  the MBMS users.

	MaxPower
	Max Power can be used for MBMS users
	44 dBm

	MaxPowerPerCH (no SHO)
	Max power per channel
	39 dBm

	MaxPowerPerCH (SHO)
	Max power per channel
	33 dBm

	OtherBSPower
	Power of the other 18 base stations
	Randomly allocated from %20 -100% of the MaxPower 

	Steps
	One time per slot, total 10 frames
	150 steps
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Fig.6 Cell segmentation into 3 layers with equal area 
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