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1
Introduction

This document presents a P-CCPCH latency and coverage analysis for the S-UMTS N=2 and N=4 time dilation solution.
The latency analysis shows that if the S-UMTS broadcast channels for N=2 and N=4 make use of optimized SIB scheduling (e.g., scaling the value of the broadcast channel parameter SIB_REP by a factor of 1/N whenever possible in relation to normal UMTS), then the performance of procedures that depend upon the UE reading the MIB and SIBs in a timely manner (e.g., PLMN selection, cell selection and cell reselection) will be comparable to that of normal UMTS. The optimized scheduling mechanism has the advantage that it is currently supported by the 3GPP specifications via upper layer signalling (i.e., the RRC protocol [1]).
The coverage analysis shows that the P-CCPCH coverage is the same for normal UMTS and S-UMTS N=2 and N=4 when the S-UMTS N=2 and N=4 P-CCPCH transmit power allocations are 1/N of normal UMTS.
2
UMTS Broadcast Channel
The UMTS system information is organized in a tree structure as a MIB (Master Information Block), SBs (Scheduling Blocks)
, and SIBs (System Information Blocks). The MIB is transmitted frequently (every 80 ms) and provides timing information for the SBs and different SIBs. For SIBs that are linked to a value tag (e.g., SIB1, SIB3, SIB5, and SIB11), the MIB also contains value tag information for the SIB. When the UE reads the MIB, it compares the value tags for the SIBs with the corresponding value tags previously stored. All of the SIBs with new value tags are reread. SIBs that are not linked to a value tag (e.g., SIB7) are linked to an expiration timer. SIBs linked to an expiration timer become invalid and need to be reread when the expiration timer expires.

Each SIB has an area scope of validity (e.g., cell, PLMN, equivalent PLMN) which signifies on which cells the SIB is valid. A SIB with area scope ‘cell’ is valid only for the cell in which it has been read. A SIB with area scope ‘PLMN’ is valid in the entire PLMN. A SIB with area scope ‘equivalent PLMN’ is valid in the entire PLMN and equivalent PLMN.

The UE is required to read only a few SIBs before being able to camp on a cell, perform cell reselection, etc. (e.g., SIB1, SIB3, SIB5, SIB7 and SIB11). Therefore, this document will focus on these SIBs.
Figure 1 illustrates the basic transmission structure of the SIB for UMTS. The size of the SIBs varies depending upon the information that they carry. For example, SIB11 carries the list of neighbors of the camping cell that the UE is supposed to measure for cell reselection purposes. Its size and number of segments will be affected by the number of neighbors of the camping cell.
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Figure 1 Basic transmission structure of SIB for UMTS

Table 1 lists the parameters used in the scheduling of SIBs [1]. UMTS SIB scheduling schemes are not specified in the 3GPP specifications; consequently, they vary significantly across a wide variety commercial networks.
Note that, with the exception of the 256 chips at the start of each timeslot in a 10 ms radio frame, the P-CCPCH is always transmitting (i.e., switched on) regardless of whether or not a MIB, SB or SIB is scheduled during that radio frame.

Table 1 Parameters used in scheduling of UMTS SIBs

	Parameter
	Usage

	SFNprime
	SFN=SFNprime (for first 10 ms of radio frame of 20 ms TTI), SFN=SFNprime+1 (for last 10 ms of radio frame of 20 ms TTI) (0…4094 by steps of 2)

	SEG_COUNT
	Number of segments in the SIB (1…15) (e.g., no segmentation = 1)

	SIB_REP
	Repetition period for the SIB in radio frames (4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048, 4096) (i.e., how many radio frames before the SIB is retransmitted)

	SIB_POS
	Position of the first segment in the SIB within the SFN (0…SIB_REP-2 by steps of 2)

	SIB_OFF
	Offset of subsequent segments in the SIB (1…15 occurrences) (2…32 by steps of 2) (default is SIB_OFF=2; i.e., all segments are consecutive)


Figure 2 illustrates an example of UMTS SIB scheduling in a commercial UMTS network [2]. It takes the UE a minimum of 128 radio frames (i.e., 128 × 10 ms = 1.28 s) to read SIB1, SIB3, SIB5, SIB7 and SIB11.
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Figure 2 Example of UMTS SIB scheduling

Table 2 lists the values of the SIB scheduling parameters used in the UMTS SIB scheduling example shown in Figure 2. The longest SIB repetition period is 128 radio frames.
Table 2 Example of UMTS SIB scheduling parameters

	
	SEG_COUNT
	SIB_REP
	SIB_POS
	SIB_OFF

	MIB
	1
	8 (NOTE1)
	0 (NOTE2)
	NA (NOTE3)

	SIB1
	1
	128
	38
	NA

	SIB3
	1
	64
	34
	NA

	SIB4
	1
	64
	36
	NA

	SIB5
	3
	128
	42
	2

	SIB7
	1
	128
	36
	NA

	SIB11
	3
	128
	102
	2 (NOTE4)


NOTE1: For the UMTS FDD mode MIB, the value of the parameter SIB_REP=8.
NOTE2: For the UMTS MIB, the value of the parameter SIB_POS=0.

NOTE3: For the UMTS MIB, the value of the parameter SIB_OFF=2 when the MIB is segmented.

NOTE4: As mentioned earlier in Table 1, the default value is SIB_OFF=2 (i.e., all segments are consecutive). However, when a MIB segment/complete MIB is scheduled to be transmitted in between segments from the same SIB, then SIB_OFF=4 in between segments which are scheduled to be transmitted at SFNprime=8*n-2 and 8*n+2, and SIB_OFF=2 for the rest of the segments [1]. This is illustrated in Figure 2 for SIB11.

3
UMTS and S-UMTS BCH Parameters
Table 3 lists the UMTS BCH parameters. The user data rate is 12.3 kbps. The radio frame = 10 ms and the TTI = 20 ms.
Table 3 UMTS BCH parameters

	Transport block size
	246 bits

	CRC and tail bits
	16 bits + 8 bits

	Coding
	CC, coding rate = 1/2

	TTI
	20 ms (i.e., 2 radio frames)

	Number of channelization codes
	1

	SF
	256

	Channelization code for P-CCPCH
	Cch,256,1

	Channel symbol rate
	13.5 ksps

	Channel bit rate
	27 kbps

	User data rate (not including CRC and tail bits)
	12.3 kbps


Table 4 lists the S-UMTS N=2 time dilation solution BCH parameters. Due to time dilation, the user data rate is 6.15 kbps (i.e., 12.3 kbps ÷ 2). Also due to time dilation, the radio frame = 20 ms (i.e., 10 ms × 2) and the TTI = 40 ms (i.e., 20 ms × 2).
Table 4 S-UMTS N=2 time dilation solution BCH parameters

	Transport block size
	246 bits

	CRC and tail bits
	16 bits + 8 bits

	Coding
	CC, coding rate = 1/2

	TTI
	40 ms (i.e., 2 time dilated radio frames)

	Number of channelization codes
	1

	SF
	256

	Channelization code for P-CCPCH
	Cch,256,1

	Channel symbol rate
	6.75 ksps

	Channel bit rate
	13.5 kbps

	User data rate (not including CRC and tail bits)
	6.15 kbps


Table 5 lists the S-UMTS N=4 time dilation solution BCH parameters. Due to time dilation, the user data rate is 3.075 kbps (i.e., 12.3 kbps ÷ 4). Also due to time dilation, the radio frame = 40 ms (i.e., 10 ms × 4) and the TTI = 80 ms (i.e., 20 ms × 4).

Table 5 S-UMTS N=4 time dilation solution BCH parameters

	Transport block size
	246 bits

	CRC and tail bits
	16 bits + 8 bits

	Coding
	CC, coding rate = 1/2

	TTI
	80 ms (i.e., 2 time dilated radio frames)

	Number of channelization codes
	1

	SF
	256

	Channelization code for P-CCPCH
	Cch,256,1

	Channel symbol rate
	3.375 ksps

	Channel bit rate
	6.75 kbps

	User data rate (not including CRC and tail bits)
	3.075 kbps


4
Latency Analysis
Section 3 of this document showed that the user data rate for S-UMTS N=2 and N=4 broadcast channels is scaled by a factor of 1/N (due to time dilation) in relation to normal UMTS (e.g., 12.3 kbps for normal UMTS, 6.15 kbps for S-UMTS N=2, and 3.075 kbps for S-UMTS N=4). Therefore, unless latency mitigation steps are taken, the minimum amount of time that it takes for the UE to read all mandatory SIBs before camping on a cell is increased by a factor of N.
This section of the document describes an optimized SIB scheduling mechanism for S-UMTS N=2 and N=4 broadcast channels. The mechanism comprises scaling the value of the broadcast channel parameter SIB_REP by a factor of 1/N whenever possible in relation to normal UMTS. This enables the performance of the S-UMTS N=2 and N=4 broadcast channels to be comparable to that of normal UMTS. The optimized SIB scheduling mechanism has the advantage that it is currently supported by the 3GPP specifications via upper layer signalling (i.e., the RRC protocol [1]).
4.1


S-UMTS N=2 Optimized SIB Scheduling
Figure 3 illustrates an example of S-UMTS N=2 SIB scheduling that has been optimized in relation to the normal UMTS SIB scheduling example shown in Figure 2. The optimized SIB scheduling mechanism comprises scaling the value of SIB_REP by a factor of 1/2 for SIB1, SIB3, SIB4, SIB5, SIB7 and SIB11 (see Table 6). Consequently, it takes the UE a minimum of 64 time dilated radio frames (i.e., 64 × 20 ms = 1.28 s) to read SIB1, SIB3, SIB5, SIB7 and SIB11, which is the same as that in the example for normal UMTS depicted in Figure 2. Using this simple technique, the performance of the S-UMTS N=2 broadcast channel is comparable to that of normal UMTS.
[image: image3.emf] 

0 1 8 9 16 17 18 19 20 21 22 23 SFN 24 25 26 27 28 29

SIB1

MIB

MIB

32 33 40 41 48 49 50 51 52 53

MIB

56 57 64 65

MIB

Time dilated

radio frame  =  20  ms

SIB3 SIB4

SIB3 SIB7

SIB4

30 31

SIB5

MIB

42 43 44 45 46 47

SIB11

One period :  64  time dilated radio frames  =  1 .28  s


Figure 3 Example of S-UMTS N=2 SIB scheduling (optimized in relation to normal UMTS)
Table 6 lists the values of the SIB scheduling parameters used in the S-UMTS N=2 SIB scheduling example shown in Figure 3. The longest SIB repetition period is 64 time dilated radio frames.
Table 6 Example of S-UMTS N=2 SIB scheduling parameters (optimized in relation to normal UMTS)
	
	SEG_COUNT
	SIB_REP
	SIB_POS
	SIB_OFF

	MIB
	1
	8 (NOTE1)
	0
	NA

	SIB1
	1
	64 (NOTE2)
	22
	NA

	SIB3
	1
	32 (NOTE2)
	18
	NA

	SIB4
	1
	32 (NOTE2)
	20
	NA

	SIB5
	3
	64 (NOTE2)
	26
	2

	SIB7
	1
	64 (NOTE2)
	20
	NA

	SIB11
	3
	64 (NOTE2)
	42
	2


NOTE1: For S-UMTS N=2, the value of this parameter is equal to the value of the same parameter in the example for normal UMTS (see Table 2) (i.e., it is not scaled). If the MIB for S-UMTS N=2 needs to be scheduled more often, then it is possible to scale it by a factor of 1/2; however, this may also require changes to accommodate the situation when a MIB segment/complete MIB is scheduled to be transmitted in between segments from the same SIB.
NOTE2: For S-UMTS N=2, the value of this parameter is equal to the value of the same parameter in the example for normal UMTS (see Table 2) scaled by a factor of 1/2.
4.2


S-UMTS N=4 Optimized SIB Scheduling
Figure 4 illustrates an example of S-UMTS N=4 SIB scheduling that has been optimized in relation to the normal UMTS SIB scheduling example shown in Figure 2. The optimization SIB scheduling mechanism comprises scaling the value of SIB_REP by a factor of 1/4 for SIB1, SIB3, SIB4, SIB5, SIB7 and SIB11 (see Table 7). Consequently, it takes the UE a minimum of 32 time dilated radio frames (i.e., 32 × 40 ms = 1.28 s) to read SIB1, SIB3, SIB5, SIB7 and SIB11, which is the same as that in the example for normal UMTS depicted in Figure 2. Using this simple technique, the performance of the S-UMTS N=4 broadcast channel is comparable to that of normal UMTS.
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Figure 4 Example of S-UMTS N=4 SIB scheduling (optimized in relation to normal UMTS)
Table 7 lists the values of the SIB scheduling parameters used in the S-UMTS N=4 SIB scheduling example shown in Figure 4. The longest SIB repetition period is 32 time dilated radio frames.
Table 7 Example of S-UMTS N=4 SIB scheduling parameters (optimized in relation to normal UMTS)

	
	SEG_COUNT
	SIB_REP
	SIB_POS
	SIB_OFF

	MIB
	1
	8 (NOTE1)
	0
	NA

	SIB1
	1
	32 (NOTE2)
	14
	NA

	SIB3
	1
	16 (NOTE2)
	10
	NA

	SIB4
	1
	16 (NOTE2)
	12
	NA

	SIB5
	3
	32 (NOTE2)
	18
	2

	SIB7
	1
	32 (NOTE2)
	12
	NA

	SIB11
	3
	32 (NOTE2)
	28
	2 (NOTE3)


NOTE1: For S-UMTS N=4, the value of this parameter is equal to the value of the same parameter in the example for normal UMTS (see Table 2) (i.e., it is not scaled). If the MIB for S-UMTS N=4 needs to be scheduled more often, then it is possible to scale it by a factor of 1/4; however, this may also require changes to accommodate the situation when a MIB segment/complete MIB is scheduled to be transmitted in between segments from the same SIB.

NOTE2: For S-UMTS N=4, the value of this parameter is equal to the value of the same parameter in the example for normal UMTS (see Table 2) scaled by a factor of 1/4.
NOTE3: As mentioned earlier in Table 1, the default value is SIB_OFF=2 (i.e., all segments are consecutive). However, when a MIB segment/complete MIB is scheduled to be transmitted in between segments from the same SIB, then SIB_OFF=4 in between segments which are scheduled to be transmitted at SFNprime=8*n-2 and 8*n+2, and SIB_OFF=2 for the rest of the segments [1]. This is illustrated in Figure 4 for SIB11.

5
Coverage Analysis

An important physical layer aspect of the S-UMTS time dilation solution is that the power spectral density (PSD) of S-UMTS in both the downlink and uplink is assumed to be the same as normal UMTS. Consequently, since the S-UMTS bandwidth is 1/N of normal UMTS, the total transmit power of the S-UMTS time dilation solution is also 1/N of normal UMTS [3]. This results in the same downlink and uplink coverage for the S-UMTS time dilation solution in relation to normal UMTS (i.e., the link budget maximum path losses Lmax_path are the same).

5.1


P-CCPCH Transmit Power Allocation
The downlink common control channel transmit power allocations for normal UMTS used in the coverage analysis are shown in Table 8 [4]. For the S-UMTS N=2 and N=4 time dilation solution, the transmit power allocations in Table 8 are 1/N of the normal UMTS values. For simplicity, it is assumed that the base station S-UMTS power amplifier is not shared with an existing base station UMTS power amplifier.
Table 8 Typical DL CCCH transmit power allocations for normal UMTS
	DL CCCH
	Relative to CPICH
	Activity
	Average power allocation with 20 W (43 dBm) maximum transmit power for the cell
	Percentage of total transmit power

	CPICH
	0 dB
	100%
	2 W (33 dBm)
	10%

	P-SCH
	-3 dB
	10%
	0.1 W (20 dBm)
	0.5%

	S-SCH
	-3 dB
	10%
	0.1 W (20 dBm)
	0.5%

	P-CCPCH
	-5 dB
	90%
	0.6 W (27.8 dBm)
	3%

	PICH
	-8 dB
	100%
	0.3 W (24.8 dBm)
	1.5%

	AICH
	-8 dB
	100%
	0.3 W (24.8 dBm)
	1.5%

	Total DL CCCH transmit power (calculated by summing the transmit power allocations of all DL CCCHs)
	
	
	3.4 W (35.3 dBm)
	17%


5.2


P-CCPCH Link Budget

The P-CCPCH maximum allowable path loss Lmax_path can be calculated from the Effective Radiated Power (ERPP-CCPCH), the Receive sensitivity (Rxsens), the received attenuation and gain (Rxgain+loss), and the propagation components (Propagationgain+loss) using Equation 1:


Lmax_path = ERPP-CCPCH – Rxsens + Rxgain+loss + Propagationgain+loss 
(1)

where



ERPP-CCPCH = PtP-CCPCH + Gtant


Rxsens = kT + NF + (Eb/Nt)req + 10log10 (Rb), where Rb = BCH user data rate


(Eb/Nt)req = (Ec/Ior)P-CCPCH + 10log10 (Rc/Rb), where Rc = chip rate
The P-CCPCH link budget assumptions and results for Lmax_path are shown in Table 9. The Lmax_path results (shown in the last row of the table) indicate that P-CCPCH coverage is the same for normal UMTS, S-UMTS N=2, and S-UMTS N=4 when the P-CCPCH transmit power PtP-CCPCH of S-UMTS N=2 and N=4 is 1/N of normal UMTS. Note that there may be additional time diversity gain due to the S-UMTS time dilation solution and this can be verified in a future contribution.

Table 9 P-CCPCH link budge assumptions and results

	Reference
	Description
	Value
	Units

	a
	PtP-CCPCH
	27.8 (normal UMTS)
	24.8   (S-UMTS N=2)
	21.8   (S-UMTS N=4)
	dBm

	b
	Gtant
	17.0
	dBi

	c
	kT
	-174.0
	dBm/Hz

	d
	NF
	9.0 (NOTE1)
	dB

	e
	(Ec/Ior)P-CCPCH
	-15.2 (NOTE2)
	-15.2 (NOTE2)
	-15.2 (NOTE2)
	dB

	f
	10log10 (Rb)
	40.9 (normal UMTS)
	37.9   (S-UMTS N=2)
	34.9   (S-UMTS N=4)
	dB-Hz

	g
	10log10 (Rc/Rb)
	24.1 (normal UMTS) (NOTE3)
	24.1   (S-UMTS N=2) (NOTE3)
	24.1   (S-UMTS N=4) (NOTE3)
	dB

	h
	Rxgain+loss
	0.0 (NOTE1)
	dB

	i
	Propagationgain+loss
	-29.2 (NOTE1)
	dB

	j
	Lmax_path
(calculated using Equation 1)

j = a + b - (c + d + e + f + g) + h + i
	130.8
	130.8
	130.8
	dB


NOTE1: Value taken from [5].
NOTE2: (Ec/Ior)P-CCPCH = PtP-CCPCH – Ptmax_cell = 
· 27.8 dBm – 43.0 dBm = -15.2 dB (for normal UMTS)
· 24.8 dBm – 40.0 dBm = -15.2 dB (for S-UMTS N=2)
· 21.8 dBm – 37.0 dBm = -15.2 dB (for S-UMTS N=4).
NOTE3:
· Rc = 3.84 Mcps and Rb = 12.3 kbps (for normal UMTS)
· Rc = 1.92 Mcps and Rb = 6.15 kbps (for S-UMTS N=2)
· Rc = 0.96 Mcps and Rb = 3.075 kbps (for S-UMTS N=4).
6
Conclusions

In this document a P-CCPCH latency and coverage analysis for the S-UMTS N=2 and N=4 time dilation solution was presented.
Furthermore, an optimized SIB scheduling mechanism for S-UMTS N=2 and N=4 broadcast channels was introduced. The mechanism comprises scaling the value of the broadcast channel parameter SIB_REP by a factor of 1/N whenever possible in relation to normal UMTS which enables the performance of the S-UMTS N=2 and N=4 broadcast channels to be comparable to that of normal UMTS. The optimized SIB scheduling mechanism has the advantage that it is currently supported by the 3GPP specifications via upper layer signalling (i.e., the RRC protocol [1]).
Also, a preliminary link budget analysis was provided for normal UMTS and S-UMTS N=2 and N=4 which demonstrated that the P-CCPCH coverage is the same for normal UMTS and S-UMTS N=2 and N=4 when the S-UMTS N=2 and N=4 P-CCPCH transmit power allocations are 1/N of normal UMTS.
Based upon the results of the P-CCPCH latency and coverage analysis presented in this document, it can be concluded that no major changes are required to the 3GPP specifications for the S-UMTS N=2 and N=4 P-CCPCH in order to provide a performance that is comparable to that of normal UMTS.
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� Sometimes, in addition to the MIB, there could be SBs which contain the information for the rest of the SIBs that have not been included in the MIB.


� At the RRC layer, the “No segment” combination is used when there is no MIB, SB or SIB scheduled for a specific BCH transport block � REF _Ref351966752 \r \h ��[1]�.





