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1
Introduction

During the 3GPP RAN Plenary #60 meeting it was agreed that RAN WG2 should evaluate the following S-UMTS time dilation solution items and provide feedback to RAN WG1 in the form of a text proposal for the RAN WG1 TR (i.e., TR 25.701):

· Impact on mobility (idle and connected state)

· Impact on SIBs acquisition

· Impact on signalling and user plane latency

· Impact on MAC, RLC and RRC performance, including impact on timers and procedures

This contribution evaluates the S-UMTS time dilation solution impact on SIBs acquisition. A corresponding text proposal for the S-UMTS Technical Report [1] is provided in [6].
2
Discussion
2.1


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).

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 [2]. UMTS SIB scheduling schemes are not specified in the 3GPP specifications; consequently, they depend (and vary) upon network implementation.

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)


Table 2 illustrates the UMTS BCH parameters. The user data rate is 12.3 kbps. The radio frame = 10 ms and the TTI = 20 ms.

Table 2 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


Figure 2 illustrates the UMTS BCH channel coding.
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Figure 2 Channel coding for UMTS BCH
The rate matching operation is transparent since the number of bits to be transmitted matches the number of bits available on two 10 ms radio frames. The first interleaving (i.e., inter-frame interleaving) and radio fame segmentation operations are defined in TS 25.212 [3]. The second interleaving (i.e., intra-frame interleaving) and physical channel mapping operations are also defined in TS 25.212 [3]
2.2


S-UMTS Time Dilation Solution Broadcast Channel
2.2.1

No Latency Mitigation Mechanisms
2.2.1.1
S-UMTS N=2

Table 3 lists the S-UMTS N=2 time dilation solution BCH parameters if no latency mitigation mechanism is used. 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). Therefore, unless a latency mitigation mechanism is used, 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 2 relative to normal UMTS (assuming that the values of the parameters used in the scheduling of SIBs is the same for both S-UMTS N=2 and normal UMTS (see Table 1)).
Table 3 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


The S-UMTS N=2 BCH channel coding is the same as normal UMTS (see Figure 2) except that the slot = 1.33 ms instead of 0.67 ms and the radio frame = 20 ms instead of 10 ms.
2.2.1.2
S-UMTS N=4

Table 4 lists the S-UMTS N=4 time dilation solution BCH parameters if no latency mitigation mechanism is used. 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). Therefore, unless a latency mitigation mechanism is used, 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 4 relative to normal UMTS (assuming that the values of the parameters used in the scheduling of SIBs is the same for both S-UMTS N=4 and normal UMTS (see Table 1)).

Table 4 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


The S-UMTS N=4 BCH channel coding is the same as normal UMTS (see Figure 2) except that the slot = 2.67 ms instead of 0.67 ms and the radio frame = 40 ms instead of 10 ms.
2.2.2

Latency Mitigation Mechanisms
This section of the contribution describes two latency mitigation mechanisms:
· Optimized SIB scheduling mechanism

· Multiple PCCPCH mechanism
2.2.2.1
Optimized SIB Scheduling Mechanism

The optimized scheduling mechanism comprises scaling the value of the broadcast channel parameter SIB_REP by a factor of 1/N relative to normal UMTS [4]. 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 [2]). The optimized SIB scheduling mechanism relies on the availability of unutilized BCH capacity which can be utilized only for mandatory and time-sensitive SIBs.
Figure 3 illustrates an example of SIB scheduling for normal UMTS in a commercial network [5]. 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 3 Example of SIB scheduling for normal UMTS

Table 5 lists the values of the SIB scheduling parameters used in the UMTS SIB scheduling example shown in Figure 3. The longest SIB repetition period is 128 radio frames.
Table 5 Example of SIB scheduling parameters for normal UMTS

	
	SEG_COUNT
	SIB_REP
	SIB_POS
	SIB_OFF

	MIB
	1
	8
	0
	NA

	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


2.2.2.1.1
S-UMTS N=2

Figure 4 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 3. 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 3. Using this simple technique, the performance of the S-UMTS N=2 broadcast channel is comparable to that of normal UMTS.
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Figure 4 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 4. 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 5) (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 5) scaled by a factor of 1/2.
2.2.2.1.2
S-UMTS N=4

Figure 5 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 3. 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 3. Using this simple technique, the performance of the S-UMTS N=4 broadcast channel is comparable to that of normal UMTS.
[image: image5.emf] 

0 1 8 9 10 11 SFN

MIB

Time dilated

radio frame  =  40  ms

SIB3

12 13

SIB7

SIB4

14 15

SIB1

16 17 18 19 20 21 22 23

SIB5

26 27

SIB3

MIB

24 25

MIB

28 29

SIB4

28 29 30 31 34 35

SIB11

32 33

MIB SIB11

One period :  32  time dilated radio frames  =  1 .28  s


Figure 5 Example of S-UMTS N=4 SIB scheduling (optimized in relation to normal UMTS)

Table 7 lists the values of the SIB scheduling mechanism used in the S-UMTS N=4 SIB scheduling example shown in Figure 5. 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


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 5) (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 5) scaled by a factor of 1/4.
2.2.2.2

Multiple PCCPCH Mechanism
2.2.2.2.1
S-UMTS N=2

For S-UMTS N=2, the multiple PCCPCH mechanism consists of using a total of two SF=256 PCCPCHs in order to support the same BCH user data rate as normal UMTS (i.e., 12.3 kbps). Since two SF=256 PCCPCHs are required, 3 dB more power must be allocated to the S-UMTS N=2 broadcast channel. Alternatively, a single SF=128 PCCPCH could be used to achieve the same results.
Table 8 lists the S-UMTS N=2 time dilation solution BCH parameters if two SF=256 PCCPCHs are used.

Table 8 S-UMTS N=2 time dilation solution BCH parameters using two SF=256 PCCPCHs

	Transport block size
	246 bits

	CRC and tail bits
	16 bits + 8 bits

	Coding
	CC, coding rate = 1/2

	TTI
	20 ms (i.e., 1 time dilated radio frame)

	Number of channelization codes
	2

	SF
	256

	Channelization code for P-CCPCH1
	Cch,256,TBD

	Channelization code for P-CCPCH2
	Cch,256,TBD

	Channel symbol rate
	13.5 ksps

	Channel bit rate
	27 kbps

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


Figure 6 illustrates the S-UMTS N=2 BCH channel coding using two SF=256 PCCPCHs.
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Figure 6 S-UMTS N=2 BCH channel coding using two SF=256 PCCPCHs

The rate matching operation is transparent since the number of bits to be transmitted matches the number of bits available on a single 20 ms radio frame. The first interleaving (i.e., inter-frame interleaving) and radio frame segmentation operations are transparent since the data is transmitted over a single 20 ms radio frame. The second interleaving (i.e., intra-frame interleaving) and physical channel mapping operations need to be defined and are FFS.
2.2.2.2.2
S-UMTS N=4

For S-UMTS N=4, the multiple PCCPCH mechanism consists of using a total of four SF=256 PCCPCHs in order to support the same BCH user data rate as normal UMTS (i.e., 12.3 kbps). Since four SF=256 PCCPCHs are required, 6 dB more power must be allocated to the S-UMTS N=4 broadcast channel. Alternatively, a single SF=64 PCCPCH could be used to achieve the same results.
Table 9 lists the S-UMTS N=4 time dilation solution BCH parameters if four SF=256 PCCPCHs are used.

Table 9 S-UMTS N=4 time dilation solution BCH parameters using four SF=256 PCCPCHs

	Transport block size
	246 bits

	CRC and tail bits
	16 bits + 8 bits

	Coding
	CC, coding rate = 1/2

	TTI (two transport blocks per TTI)
	40 ms (i.e., 1 time dilated radio frame)

	Number of channelization codes
	4

	SF
	256

	Channelization code for P-CCPCH1
	Cch,256,TBD

	Channelization code for P-CCPCH2
	Cch,256,TBD

	Channelization code for P-CCPCH3
	Cch,256,TBD

	Channelization code for P-CCPCH4
	Cch,256,TBD

	Channel symbol rate
	13.5 ksps

	Channel bit rate
	27 kbps

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


Figure 7 illustrates the S-UMTS N=4 BCH channel coding using four SF=256 PCCPCHs.
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Figure 7 S-UMTS N=4 BCH channel coding using four SF=256 PCCPCHs

The rate matching operation could be the same as that defined in TS 25.212 [3]. The first interleaving (i.e., inter-frame interleaving) and radio frame segmentation operations are transparent since the data is transmitted over a single 40 ms radio frame. The second interleaving (i.e., intra-frame interleaving) operation could be the same as that defined in TS 25.212 [3]. The physical channel mapping operation needs to be defined and is FFS.
3
Conclusions

Based on the above considerations, it is proposed to agree to and capture the text proposal on the S-UMTS time dilation solution impact on SIBs acquisition as presented in [6] for inclusion in the Scalable UMTS FDD Bandwidth Technical Report.
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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]�.
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