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1. Introduction

This document contains a summary and discussion on required corrections to TS25.133 in order to ensure completion of the existing FDD-TDD inter-operability requirements and test cases in TS 25.133 for R’99, REL4 and REL5.

Section 2 gives a summary on main corrections needed for existing FDD-TDD requirements and test cases in TS 25.133. Section 3 discusses into more detail some of the changes and corrections as proposed in [1] and [2].

2. SUmmary of REQUIRED CHANGES IN TS 25.133

In order to complete requirements and test cases in TS 25.133 in the area of FDD-TDD inter-operability, corrections are needed in the following sections:

· Completion of FDD-TDD handover interruption time requirements (5.3)

Requirements on FDD-TDD HO interruption time still not finalized, i.e. in square brackets.

· Completion of FDD-TDD measurement requirements in CELL_DCH and CELL_FACH states (8.1.2.4 and 8.4.2.4)

Correction needed for existing requirements on identification time Tidentify TDD inter and measurement period Tmeasurement TDD inter because not adapted to a TDD measurement approach when in compressed mode.

Requirements on number Xbasic measurement TDD inter of TDD cells to be measured during Tmeasurement TDD inter are missing.

Removal of FDD requirements that are not valid in a TDD context.

· Corrections to test case for FDD-TDD cell re-selection in Idle Mode (A.4.4)

Corrections of incorrect signal level settings and clarification to test conditions and parameter settings.

· Completion of test case for TDD neighbor reporting in CELL_DCH state (A.8.3)

Test settings still unfinalized, i.e. empty or in square brackets.

Test conditions and parameter settings partially missing.

· Completion of P-CCPCH RSCP measurement accuracy test cases (A.9.8)

Test settings still unfinalized, i.e. empty or in square brackets.

Test conditions and parameter settings completely missing.

· Corrections to inter-frequency FDD-TDD cell re-selection requirements (4.2.2.4)

Correction to P-CCPCH RSCP cell re-selection hysteresis values based upon equivalent P-CPCCH RSCP accuracy requirements in CELL_DCH and CELL_FACH state.

· Corrections to FDD-TDD cell re-selection requirements and interruption time in CELL_FACH state (5.5.2.1.3 and 5.5.2.2.2)

Correction needed because some key time delays for FDD-TDD cell re-selection delay in CELL_FACH are not taken into account.

· Introduction of FDD-TDD handover test case (A.5.3)

FDD/TDD HO test case on requirements in section 5.3 still missing.

· Other changes required (TS 25.101 A.5)

In addition to above changes, the completion of test cases in A.8.3 and A.9.8, will also require the inclusion of a new set 3 into reference compressed mode pattern 2 in TS 25.101 A.5 along set 1 used for FDD-FDD inter-frequency and set 2 used for FDD-GSM. Currently none of these sets corresponds to compressed mode patterns that are allowed by current 25.133 for the purpose of TDD measurements.

3. Discussion

3.1 FDD-TDD measurement requirements in CELL_DCH state (8.1.2.4)
Identification time and measurement period

In current TS25.133, the basic equations for identification time and measurement period of inter-frequency cells are essentially the same for both FDD and TDD,
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TInter is the number of TS’s allocated to a particular measurement purpose (inter-frequency FDD or TDD) over a 480 ms period. It is equal to the number of transmission gap sequences that occur over the 480 ms time period multiplied by the number of “usable” TS’s in each transmission gap pattern. The number of usable TS’s is based on gap length (in ms) minus a 1 ms margin to account for switching time. There is a slight difference between FDD and TDD, because FDD counts only whole TS’s while TDD currently counts partial TS’s. It is important to note also that the gap length in the DL is not exactly equal to the number of TS’s in the gap multiplied by (10/15) ms. Furthermore, the actual usable gap length depends on whether the slot format is type A or type B.

The underlying idea for measurements on FDD inter-frequency cells while in compressed mode is that the overall number of available TS’s in compressed mode gaps scales into the identification time and measurement period.

The basic ratio between identification time and measurement time is seen appropriate for both FDD and TDD.

Although the ratio between the minimum identification time and the minimum measurement time is 10.4 (i.e. 5000/480), the ratio for most cases will be 16 (i.e. 800 /50). Note that this is true whenever TInter is less than or equal to 50 ms. For a transmission gap length of 7, this would require compressed mode to be active 19% of the time (in order to measure FDD cells on one additional frequency). This is excessively tough since even the worst case reference pattern defined in 25.101 is approximately 15% and commonly used compressed mode patterns for FDD inter-frequency measurements have compressed mode active only 9% of the time.

For FDD, these above equations are adequate.

As an example, using the inter-frequency FDD-FDD test case in 25.133 A.8.2, there is a single gap of 7 slots, and the repetition period is 3 frames. There are 16 gaps in the 480 ms period. The effective gap length, after accounting for switching time is 4 slots. From this derives TIdentify  Inter = 9000 ms and TMeasurement Inter = 562.5 ms. If there are 16 gap sequences in 480 ms, there are 18.75 gap sequences in a 562.5 ms period. If 3 samples were required to achieve the required accuracy, that would allow 6 gaps for each sample. Since 6 cells must be measured, in principle 1 gap could be used for each cell and each individual cell’s measurement sample can occur over 4 TS’s (i.e. the effective gap length). Very similar numbers for the amount of available gaps per sample per cell to take can be derived for other possible compressed mode settings.

Unfortunately, this approach doesn’t hold for inter-frequency TDD measurements from FDD.

The reason is that the basic measurement approach to CPICH for FDD and to P-CCPCH for TDD are different. Whereas the CPICH in FDD is basically available for every TS in a compressed mode gap, the P-CCPCH RSCP occurs in Beacon TS’s and it is primarily the number of Beacon TS’s per compressed mode gap that decides on whether the UE can sample P-CCPCH RSCP.

The consequence is that the derivation of Identification Time and Measurement Period for inter-frequency TDD measurements from FDD needs to be based more on the concept “measurement opportunities” than on “number of TS’s” during compressed mode gaps. In this sense, a TDD measurement approach is conceptually very similar to measurements on GSM from FDD while in compressed mode.

Furthermore, there are differences between measuring a TDD cell that uses sync case I versus measuring a TDD cell using sync case II. Since the UE must detect the cell and find the offset of the Beacon TS of the neighbor relative to the frame start of the serving FDD cell, the compressed mode gap has to be large enough to ensure that a Beacon TS can be found. For sync case II, a gap of 10 slots is sufficient (but only just sufficient) – the effective gap length is 8 which ensures one of the 2 beacon TS’s will be found. For sync case I, 2 separate gaps are required – one of 14 slots and one of 7 slots – in order to allow the UE to search all 15 slots of the TDD neighbor cell.

Following the current equations for identification time and measurement period, the measurement period and identification period (for identical compressed mode patterns) for sync case I are 9600 ms and 600 ms, respectively and for sync case II 18000 ms and 1125 ms. But in reality, they should yield approximately the same values.

In order have realistic requirements on inter-frequency TDD measurements, we recommend the following approach.

For each transmission gap pattern, i.e. the allowed combinations of 1 or 2 consecutive gaps as in current TS25.133 in Table 8.2, the UE should be capable of measuring once the required number of TDD cells on a particular TDD frequency. This is possible as long as the transmission gap length has been correctly selected by UTRAN for the sync case in use by the TDD cells, i.e. as long as the gap covers at least one Beacon TS for each of the cells. The UE has at least one frame to get the P-CCPCH RSCP samples since gaps can not overlap and more than one gap cannot appear in the same frame – in practice, the spacing between gaps will almost certainly be more than one frame due to performance considerations. This is perfectly aligned to already required TDD UE capability for measuring TDD intra-frequency neighbors as in TS 25.123 in order to meet P-CCPCH RSCP accuracy requirements and requirements on intra-frequency measurement period and identification time.

Given that, the identification time and measurement period based upon a “measurement opportunity” approach can be defined by,
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Here, Nbasic measurement TDD inter is a scaling factor used in the equation that is equal to 5.

NInter is the number of transmission gap pattern allocated to TDD measurements during a period of 480 ms with arbitrary timing

Nbasic identify TDD inter is a scaling factor used in the equation and is equal to 80.

Note that in FDD, TInter is based on the “cumulative” effective gap time of all individual gaps over a 480 ms period. For TDD, NInter is the number of ‘gap patterns’, i.e. the basic repeating structure in a transmission gap pattern sequence over a 480 ms period.

As an example, comparing FDD-TDD identification time and measurement period to inter-frequency FDD-FDD while in compressed mode, yields the following values based upon this approach.

The transmission gap pattern length (TGPL) for the FDD worst case reference compressed mode set is 3 frames, which works out to being in compressed mode 15.5% of the time. With a TGPL of 3 frames, the FDD measurement period and identification time yield 562 ms and 9 sec respectively. For the proposed TDD reference compressed mode pattern, a TGPL of only 11 frames will yield comparable values for the TDD measurement period and identification time being 550 ms and 8.8 sec respectively. A TGPL of 11 frames for TDD measurements would approximate inter-frequency FDD-FDD performance in terms of how frequently the neighbor cell measurements can be reported, but note that less than half of compressed mode being active time is needed (6.1% as compared to 15.5%).

Number of inter-frequency TDD cells to be evaluated per measurement period

Currently, the number of inter-frequency TDD cells to be evaluated per measurement period is not specified.

For intra-frequency TDD-TDD measurements, 6 cells must be measured per 200 ms measurement period. This hardware being fully available when in FDD compressed mode, a requirement on supporting measurements on 6 inter-frequency TDD cells during TMeasurement TDD inter is appropriate. This value is also consistent with the requirements for FDD inter-frequency measurements. The requirement for FDD-GSM is stated somewhat differently in that the UE L1 must attempt to measure all GSM cells on the neighbor list (using at least 3 measurement samples), but the UE still only reports at most six GSM cells to UTRAN.

3.2 FDD-TDD measurement requirements in CELL_FACH state (8.4.2.4)
Identification time and measurement period

The current requirements in TS25.133 for TDD inter-frequency measurements in CELL_FACH state of FDD mode are seen adequate for all combinations of measurement occasion length and repetition period.

Number of inter-frequency TDD cells to be evaluated per measurement period

Currently, the number of inter-frequency TDD cells to be evaluated per measurement period is not specified.

CELL_FACH capabilities should be aligned with CELL_DCH capabilities, i.e. 6 TDD inter-frequency cells per measurement period.

3.3 FDD-TDD handover interruption time requirements (5.3)

Current values for FDD-TDD HO interruption time are still in square brackets.

Similar as to TDD-TDD HO, the following delay contributions (based upon the current definition of HO interruption time that is consistent between FDD and TDD) are expected,

· 10 ms frame timing uncertainty,

· 10 ms maximum amount of time needed for appearance of the UL Tx TS (only for FDD-TDD),

· 20 ms cell timing reconfirmation in case the target cell was measured during the previous 5 sec,

· 180 ms target cell search time in case the target cell was not measured during the previous 5 sec,

· 30 ms in case the SFN of the target cell needs to be decoded.

FDD-TDD HO interruption time values are comparable to FDD-FDD Hard HO and FDD-GSM interruption times.

3.4 FDD-TDD cell re-selection requirements in Idle Mode (4.2.2.4)
During, TDD-FDD cell re-selection in Idle Mode as in TS25.123 compares the P-CCPCH RSCP of the current serving TDD cell to the CPICH RSCP and CPICH Ec/No of an inter-frequency FDD cell.

Cell re-selection to FDD occurs when the CPICH RSCP of the FDD cell is 5 dB better than the P-CCPCH RSCP of the serving TDD cell. This value is in line with the implied accuracy during cell re-selection in Idle Mode compared to the required inter-frequency accuracies on both types of measurements in TS25.133 and TS25.123 for CELL_DCH and CELL_FACH state.

The analog case for FDD-TDD cell re-selection in Idle Mode is still based upon the old 3dB hysteresis value between serving FDD and an inter-frequency TDD cell.

It is proposed to update this value accordingly.

The cell re-selection procedure as in 25.304 is not impacted by this change and already well-specifying the case of FDD-TDD and TDD-FDD cell re-selection.

4. Summary

In this document we summarized and discussed key required corrections to TS 25.133 in order to ensure completion of all FDD-TDD relevant requirements and test cases.

The proposed changes to Annex A test cases only affect T1 RRM test specifications in the area of the FDD-TDD cell re-selection test case, all others still not being specified so far.

It should be noted that none of the proposed changes to the TS 25.133 requirements sections affects any TS under the responsibility of another WG, i.e. to the cell re-selection procedure for FDD/TDD in TS25.304 or measurement control and compressed mode signaling as currently specified by TS 25.331.
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