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1 - Abstract :
The purpose of this document is to propose a pragmatic way to move forward in the slotted mode discussions. Slotted mode was introduced in the FDD concept in order to make sure that necessary measurements in other frequency bands can be seamlessly achieved while keeping FDD communication. We suggest to get a closer look to what the measurement needs really are for IFHO to GSM and FDD.

Further, from those needs, this document derives a possible compromise for slotted mode, that reduces the number of slotted formats, while fulfilling all the listed monitoring requirements.

2 - Measurements needed for IFHO from FDD to FDD :
2.1- Power measurement : 

This measurement corresponds to the total received power in a given UMTS FDD band. It can be used in order to rank the total power in the different UMTS frequencies. So cell searchs on some specific frequencies can be prioritised.

The number of such measurements depends on the number of frequencies that a UE should scan. Because of the very low number of FDD carriers (12 at most in the paired bands), there will not be so many of such measurements.

According to NEC, it is OK to perform one power measurement for IFHO towards FDD with measurement samples lasting 250 us. Further, Such measurement can happen at any time (constant power on BCCH)

Note : there has been no agreement yet that such mechanism should be used. Since the purpose seems to make measurements on many frequencies, it seems more efficient to gather many measurement samples during one idle period. Assuming 500 us frequency switch and 250 us for one signal sample, it is possible to get 6 power samples during 5 ms (half a WCDMA frame).

Note bis : According to this rule, UE shall select the most powerful frequency on which cell search should be run with priority. However, because the total received power is mainly due to noise and interference, this does not mean that UE shall select the frequency with best Eb/Io. Further, because interference level is mainly due to inter-cell interference, the UE shall most likely select the most loaded cell. Is this really the best cell ? If not, is this power measurement is really useful ?

2.2- Cell search : 

Current cell search used for soft HO consists in listening during T1 for step 1, T2 for step 2, and T3 for step 3. For intra-frequency HO preparation, these steps are performed in successive portions of received signals (fig.1). Thus, radio frames are needed to be buffered during a long period, and buffering is reduced. 

However in Slotted mode, buffering a radio frame in a longer period is not a problem, so it seems more efficient to use the same portion of signal for the 3 steps (fig.2). Thus, in order to perform the 3 steps, it is sufficient to listen during T = max (T1, T2, T3) for the slotted mode, instead of listening during (T1+T2+T3).
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Fig. 1- Cell search monitoring for intra-frequency handover
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Fig. 2- Cell search monitoring for inter frequency handover

There have been discussions on the figures T1, T2, T3 that could be used for proper cell search performance. Ericsson quoted 5/10/5 ms. However, Nortel also mentioned to use 5ms (8 slots) to perform the step 2, but it was identified (TI) that this would then maybe cause a degradation in the step 2 because of relative smaller minimum distance between SCH2 codewords. So, I suspect at this stage that a measurement span of 10 ms is a proper requirement for the slotted mode. This requirement could be changed later to 5 ms if it appears that cell search step2, performed with twice more 5ms measurements, does not bring significant degradation compared to the 10 ms case.

Further, such measurement can happen at any time. In addition, several measurements may be needed with power accumulation to get a proper cell search detection. The number of measurements needed for proper accumulation depends on the SIR in the target cell. Unlike in intra-frequency handover, the target cell is not interfered with the source cell. So, SIR in target cell is likely to be better than in typical case of intra-frequency cell search. Performance of cell search in interfrequency handover is similar to that of initial cell search, where initial cell synchronisation can be achieved in 10-20 ms (from TTA figures).

Note : total measurement length is assumed 10 ms. However, some more data on feasibility/performance of cell search with shorter measurement lengths are welcome for the design of slotted mode.

2.3- BCCH decoding :

In R1 99044, it is stated that BCCH decoding is not required to produce the measurement report. Indeed, after cell search, Ec/Io, Cell ID, and frame timing are known. 

According to Nokia, knowledge of BCCH contents is generally not needed before handover execution. The contents that could be necessary are related to frame numbering, that are important for the macro-diversity frame recombination in soft handover.

Also according to Nokia, it is stated that even if BCCH information of target cell is required for interfrequency handover, it can be signaled by some other means from the source cell.

Decoding BCCH requires that measurement span should be precisely scheduled and should last at least one frame (10 ms). Moreover, to fully understand BCCH contents, the UE should listen to ALL BCCH blocks (a multiple of 10 ms). This assumption is not consistent with the requirement that idle periods in slotted mode should last less than 10 ms.

Nota : Since inter-frequency handover is basically hard handover and does not involve timing alignment procedures, it is assumed that BCCH information on target cell is not needed in the UE before handover execution. So, slotted mode shall not be designed to support BCCH decoding.

3 - Measurements needed for IFHO from FDD to GSM :

3.1- Power measurements

One GSM power measurement can be achieved with accumulation of relatively small measurement samples (NEC quoted sample duration of 250 us, Motorola quoted 200 us). Such measurement can happen at any time, because BCCH carrier is at constant power. In GSM specifications, power measurements on 6 BCCH frequencies should be reported by MS to the network every 480 ms. However Nokia suggested to reduce this requirement to 2 or 3 frequencies

Because of its TDMA nature, GSM MS can currently make one (or more) power sample every frame (4.6 ms) between its TX and RX slots (idle period of 4x577 us). However, creating idle periods with this periodicity is not a reasonnable figure for UMTS. In addition, it is known that the GSM idle periods are much more than sufficient to achieve power estimates with good accuracy.

Current requirement for FDD to GSM handover is to have measurement reporting as good as in GSM. So, dual mode UTRA-GSM UE should report powers on 6 GSM frequencies every 480 ms, with accuracy of measurement as specified in GSM type of approval test specifications. The number of measurement samples needs not to be standardised, because it can not be tested (even in GSM).

Though only 6 such samples would be necessary in theory, in practice much more are needed. For one frequency, it is better to spread many samples in time to benefit from a better power accumulation and time diversity. Sample duration, number of samples and the way samples are spread in time and accumulated is implementation dependent in GSM. Related information is currently lacking so that it is difficult to conclude anything.

Ericsson previously noted that UTRA UEs benefit from a 5 MHz filter, making it possible to achieve much more than one power sample on 200 kHz signals per signal sample. Virtually, the number of measurement samples can be reduced by an amount of 25 (=5MHz/200kHz) if some FFT technique is used. 

This is true in the case when 25 GSM BCCH frequencies are gathered within a same 5 MHz band. It is to be noted that GSM operators that have planned their BCCH frequencies within one same 5 MHz band could benefit from lower number of idle periods in UMTS. This is not the typical case however. Moreover, the GSM does not require that 25 BCCH should be monitored per reporting period. So effective gain in the number of measurement samples is only an amount of 6 by using the 5 MHz filtering approach. Anyway the FFT approach leads likely to increased complexity in baseband (and maybe also in RF), and some more information is needed on this point.

Nota : I propose to use the Ericsson approach and produce a requirement that dual mode UEs should be able to produce 6 measurements in 480 ms with proper accuracy, with 16 idle periods of length 4 FDD time slots every 480 ms. The product (effective observed bandwidth x time of observation) is then kept similar to that of GSM (GSM = 200 kHz x 25 x 4  x 4 x 577 us= 4.6 104 ; UTRA = 5 MHz x (6/25) x 16 x 4 x 625 us = 4.8 104). If 200kHz approach is used, then this product is reduced by a factor 25/6 (~4). But this product is still in line with Nokia’s approach to monitor less GSM BCCH frequencies.

Note bis : This requirement could be downsized provided that additional information is given on accuracy compliance of GSM power measurement methods, or if operators wish to optimize their BCCH frequency planning. Potentially, with the 2 above information, we believe the figure could be downsized by a figure of 25/6 * 2, so that only 2 idle periods would be necessary to provide the 6 measurement report with proper accuracy. 

3.2- FCCH/SCH detection

a/ With no apriori on GSM timing :

In such a case, the measurements should be scheduled with appropriate repeated SD patterns. However, note that there is no way to get a proper timing reference of the GSM CCCH framing, so that the start of such SD pattern can happen any time. FT showed that detection as good as in GSM can be achieved with the SD patterns listed in table 1 in S1.15 of 3GPP specifications. 

The table assumes various numbers of idle periods with duration of various sizes. However keeping all these patterns may be a burden in implementation, and we already agreed that we should tend to restrict the number of slotted formats by selection of a good compromise. Moreover, internal simulations in Mitsubishi showed no difference between those schemes in terms of GSM SCh search performance.

So, I suggest a restriction criterion of having only one frame format for all slotted frames in the SD patterns. This reduces the number of cases to SD4 and SD8, where time offset between consecutive idle periods is an integer multiple of the frame duration.

For comparison of SD4 and SD8, we should then select the scheme that will limit the loss in Eb_No. This loss differs depending on parameters such as the number of idle slots per frame and the type of slotted frames used.

In Table 1, the slotted frames format used in 2 two SD patterns are listed. In following tables, for each of those format and for various data rates, are listed the corresponding rate matching parameters. In the derivations that led to those tables, it is assumed 16 CRC bits and 8 tail bits per frame, an initial FEC coding rate of 1/3, and a DPCCH size of 5 symbols per slot for SF=128, and 9 symbols per slots for lower SF. 

For rate matching ratio above one, we assumed that rate matching is done by DTX rather than with unequal repetition. According to a Motorola contribution, we assumed in addition that frames containing DTX are more efficiently compressed by appropriate mapping of DTX periods rather than with puncturing information bits. 

For rate matching ratio below one, we assumed that rate matching is done by puncturing. When puncturing ratio becomes higher than 25%, we assumed a change in spreading factor (or multicode).
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Table 1 – Suggested SD patterns for GSM CCCH search
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Normal

1.74

43 % DTX

Slotted (10)

0.65

multicode and 24 % DTX

Slotted (7)

0.98

02 % Puncturing

Slotted (5)

1.20
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1.31

23 % DTX
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1.42

29 % DTX


Table 2 – Rate matching for slotted modes on LCD 384 kbps (SF=4)
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Normal

1.10

09 % DTX

Slotted (10)

0.43

SF/2 and 15 % Puncturing

Slotted (7)

0.63

SF/2 and 22 % DTX

Slotted (5)

0.76

24 % Puncturing

Slotted (4)

0.83

17 % Puncturing

Slotted (3)

0.89

11 % Puncturing


Table 3 – Rate matching for slotted modes on LCD 144 kbps (SF=16)


[image: image6.wmf]64 kbps

Rate matching 

ratio

Rate matching method

Normal

1.20

17 % DTX

Slotted (10)

0.45

SF/2 and 09 % Puncturing

Slotted (7)

0.78

SF/2 and 27 % DTX

Slotted (5)

0.83

17 % Puncturing

Slotted (4)

0.90

10 % Puncturing

Slotted (3)

0.98

02 % Puncturing


Table 4 – Rate matching for slotted modes on LCD 64 kbps (SF=32)
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Normal

1.54

35 % DTX

Slotted (10)

0.67

SF/2 and 26% DTX

Slotted (7)

0.87

13 % Puncturing

Slotted (5)

1.06

06% DTX

Slotted (4)

1.15

13% DTX

Slotted (3)

1.25

20% DTX


Table 5 – Rate matching for slotted modes on LCD 8 kbps (SF=128)

From the above tables, some conclusions can be drawn : 

· Pattern SD4 always leads to lower puncturing ratios than pattern SD8. 

· Because 384 kbps and 8 kbps services assume high DTX rate matching in normal operation, high frame compression factors can be achieved with appropriate DTX mapping (without need for change in SF or high puncturing).

· Multicode can be avoided for frame compression of 384 kbps service if SD4 is used instead of SD8.

Note : As there seemed to be a requirement that LCD 384 kbps should be considered for slotted mode, and that we should limit the number slotted frame formats (without affecting performance), we suggest that SD4 patterns should be used rather than SD8 patterns.

Note bis : using separate short periods (SD4) rather than one long period (SD8) also leads to a lower impact in link degradation due to poor interleaver span and lack of efficient TCP convergence. 

b/ With apriori on GSM timing :

Obviously, the measurement period should be properly scheduled within the frame, according to the knowledge of GSM SCH timing.

In that case, the measurement should last at least 577 us (SCH duration). But because this measurement may overlap 2 FDD slots, it is unlikely that this GSM slot is contained within only one FDD slot. So, I propose that such measurement should last at least 2*577 us, with looser timing.

3.3- BCCH decoding

Obviously, this should be properly scheduled within the frame.

BCCH should be decoded so that MS can report BSIC to the network. At this stage, SCH is detected, so that a priori GSM timing is known. Then, measurement duration could last 2*577us (same as 3.2-b). 

3.4- Should there be any other measurement for IFHO to GSM ?

4 - Measurements needed for IFHO from to TDD :

4.1- Power measurements

FFS

4.2- Cell Search

FFS

4.3- BCCH decoding

FFS

4.4- Should there be some any other measurement towards TDD ?

FFS

5 - Conclusion : 

Having listed the required types of measurements, and their specific requirement in terms of measurement duration and scheduling (tables 6 & 7), we could identify a limited set of required slotted frame formats (table 8) that are sufficient to provide proper measurements for IFHO towards FDD or GSM.

When precise scheduling of idle periods is not required, we suggest to define fixed type of frames, namely, either (S) or (D) frames.

In the below tables we assumed a Tsw (Time to switch frequency of LO) of 500 us. Reporting period is assumed to be same as in GSM (480 ms).
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Table 6 – Measurement periods needed for IFHO towards FDD
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Power measurement (5 MHz)

1500 us

4

16 or less

No

4000 us

8

8 or less

No

SCH search (SD 4)

2885 us
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SCH/BCCH decoding

1154 us

4
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Table 7 – Measurement periods needed for IFHO towards GSM
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Table 8 – Proposed slotted frame formats

The row “frame type” of the table 8 was not discussed. This row proposes a balanced approach, based on the principle that (D) frames are more effective to reduce puncturing ratio (used for small idle periods), and is the only method for provision of very long periods. (S) frames are however best fit for idle periods of size 7-9 FDD slots. This shall be shown by simulation results.

From the above compromise, It is to be noted further that formats 2 and 3 are very similar and could be merged into one single format. Also, we question the need of frame format 5. So that number of frame formats could again be further limited.

If all UE had to monitor everything (both FDD and GSM) constantly with the above proposal, then up to 26 frames every 48 could be slotted in total. This figure is an overestimate, it can be much downsized according to discussions in § 2.1.

As a conclusion, we showed that it is possible to limit the number of slotted mode cases, while fulfilling current requirements for inter-frequency handover preparation towards both GSM and FDD. This number of frame format to be supported in a UE could even be further reduced if we assume that those formats are dependent on the UE Class.
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		64 kbps		Rate matching ratio		Rate matching method

		Normal		1.20		17 % DTX

		Slotted (10)		0.45		SF/2 and 09 % Puncturing

		Slotted (7)		0.78		SF/2 and 27 % DTX

		Slotted (5)		0.83		17 % Puncturing

		Slotted (4)		0.90		10 % Puncturing

		Slotted (3)		0.98		02 % Puncturing
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		IFHO towards FDD		Measurement duration		N idle slots per idle period		N idle periods per reporting period		Precise scheduling

		Power measurement		250 us		2		?		No

		Power measurement (6)		4000 us		8		?		No

		Cell search		10000 us		18		?		No
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		IFHO towards GSM		Measurement duration		N idle slots per idle period		N idle periods per reporting period		Precise scheduling

		Power measurement (5 MHz)		1500 us		4		16 or less		No

				4000 us		8		8 or less		No

		SCH search (SD 4)		2885 us		7		8		No

		SCH/BCCH decoding		1154 us		4		6		Yes
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		Format		N idle slots per frame		Frame type		Use				Precise scheduling

		1		9		Fixed - D		FDD Cell search				No

		2		8		Fixed - S or D		Power measurements (GSM, FDD)				No

		3		7		Fixed - S or D		GSM SCH search (with SD4 pattern)				No

		4		4		Flexible		GSM BCCH decoding with prior timing				Yes

		5		2		Fixed - D		Power measurement (FDD)
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		8 kbps		Rate matching ratio		Rate matching method

		Normal		1.54		35 % DTX

		Slotted (10)		0.67		SF/2 and 26% DTX

		Slotted (7)		0.87		13 % Puncturing

		Slotted (5)		1.06		06% DTX

		Slotted (4)		1.15		13% DTX

		Slotted (3)		1.25		20% DTX
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		384 kbps		Rate matching ratio		Rate matching method

		Normal		1.74		43 % DTX

		Slotted (10)		0.65		multicode and 24 % DTX

		Slotted (7)		0.98		02 % Puncturing

		Slotted (5)		1.20		16 % DTX

		Slotted (4)		1.31		23 % DTX

		Slotted (3)		1.42		29 % DTX
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		144 kbps		Rate matching ratio		Rate matching method

		Normal		1.10		09 % DTX

		Slotted (10)		0.43		SF/2 and 15 % Puncturing

		Slotted (7)		0.63		SF/2 and 22 % DTX

		Slotted (5)		0.76		24 % Puncturing

		Slotted (4)		0.83		17 % Puncturing

		Slotted (3)		0.89		11 % Puncturing
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		Nidle slots per frame		(S) method		(D) method

		SD4		7		4 & 3

		SD8		10		5






