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On monitoring of UTRAN TDD cells from GSM

1 Introduction

At GERAN#15, CRs to introduce requirements for inter-RAT measurements on UTRA TDD cells in TS 05.08 [1] and TS 45.008 [2] were agreed (see [3], [4], [5] and [6]). Subsequently, some issues on inter-RAT measurements on UTRA TDD cells have been raised. These issues are discussed in this contribution.

2 Identification of UTRAN TDD cells

In order to identify a UTRAN cell, the cell search procedure is used (see Annex C of TS 25.224 [9] for 3.84 Mcps TDD, and Annex CA of the same specification for 1.28 Mcps TDD
). The procedure consists of three steps, the first of which requires searching for a synchronisation sequence sent on the synchronisation channel(s). The structure of the synchronisation channel(s) for TDD is specified in TS 25.221 [7], and will be summarised in this section.

2.1 3.84 Mcps option

For the 3.84 Mcps option of TDD, also referred to as High Chip Rate TDD (HCR TDD), the Synchronisation Channel (SCH) can be mapped on one or two downlink slots per frame. There are two cases of SCH and P-CCPCH (Primary Common Control Physical Channel
) allocation as follows (see subclause 5.3.4 of TS 25.221 [7]):
Case 1)
SCH and P-CCPCH allocated in TS#k, k=0….14

Case 2)
SCH allocated in two TS: TS#k and TS#k+8, k=0…6; P-CCPCH allocated in TS#k.

Due to this SCH scheme, the position of the P-CCPCH is known from the SCH. Figure 1 is an example for transmission of SCH, k=0, of Case 2.

[image: image1.wmf]C

p

b

1

 

c

s,1

P

p

P

s

P

s

/3

P

s

/3

t

offset

,n

Time slot = 2560*T

c

1 Frame = 10 ms

256 chips

b

i

 

Î

 {

±

1, 

±

j },  

C

s,i

 

Î

 {C

0

, C

1

, C

3

, C

4

, C

5

, C

6

, C

8

, C

10

, C

1

2

, C

13

, C

14

,C

15

 }, i=1,2,3; see [8]

P

s

/3

b

2

 

c

s,2

b

3

 

c

s,3


Figure 1 – Scheme for Synchronisation channel SCH consisting of one primary sequence Cp and 3 parallel secondary sequences Cs,i in slot k and k+8 (example for k=0 in Case 2)

As shown in Figure 1, the SCH consists of a primary (Cp) and three secondary (Cs) code sequences each 256 chips long, which corresponds to a duration of 0.067 ms. The primary and secondary code sequences are defined in TS 25.223 [8].

Due to mobile-to-mobile interference, it is mandatory for public TDD systems to keep synchronisation between base stations. As a consequence of this, a capture effect concerning SCH can arise. The time offset toffset,n enables the system to overcome the capture effect. Each cell is assigned one value of the time offset toffset,n, out of 32 possible values, depending on the code group of the cell, n, (see Table 6 of TS 25.223 [8]). The exact value for toffset,n is given by
:
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where Tc is the duration of a chip
.

The primary code sequence is used to find a cell during the first step of the cell search procedure; the secondary code sequences are used for slot timing acquisition and for code group acquisition during the second step of cell search. During the third step of cell search, in order to identify the scrambling code, the mobile needs to identify the long basic midamble code; as explained in TS 25.224 [9], this can be done by correlation over the P-CCPCH (or any other beacon channel, see below) with the 4 possible long basic midamble codes of the code group found in the second step. When the long basic midamble code has been identified, downlink scrambling code and cell parameter are also known.

From what has been explained in the last paragraph, the MS needs to search over the midamble of a beacon slot in order to be able to complete the third step of cell search. Also, once the cell has been identified, the mobile needs to measure the P-CCPCH RSCP. The P-CCPCH RSCP is generally measured over the midamble of a beacon channel. This means that the window needs to contain at least a full midamble of a slot on which a beacon channel is transmitted.

As indicated in TS 25.221 [7], burst type 1 (described in subclause 5.2.2 of the same specification) is used for the P-CCPCH and for beacon channels. For this burst type, the midamble is 512 chips long and the guard period is 96 chips long:
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Figure 2 - Burst structure of the burst type 1. GP denotes the guard period and CP the chip periods
Most of the operations that can be performed on the P-CCPCH can also be performed on what are called “beacon channels”. Note 1 in subclause 5.1 of TS 25.225 [10] states that: “Measurements for TDD which are specified on the Primary CCPCH (P-CCPCH) are carried out on the P-CCPCH or on any other beacon channel”. Beacon channels must be present in each radio frame, and their locations are determined by the SCH and depend on the SCH allocation case, as specified in subclause 5.3.4 of TS 25.221 [7]:

Case 1)
The beacon function shall be provided by the physical channels that are allocated to channelisation code [image: image4.wmf])
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Case 2)
The beacon function shall be provided by the physical channels that are allocated to channelisation code [image: image5.wmf])
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Note that by this definition the P-CCPCH always has beacon characteristics. This means that each TS that carries a SCH, carries also a beacon and thus is suitable for P-CCPCH RSCP measurement.

2.2 1.28 Mcps option
In the case of the 1.28 Mcps option of TDD, also referred to as Low Chip Rate TDD (LCR TDD), there are two dedicated physical synchronisation channels, DwPCH (Downlink Pilot CHannel) and UpPCH (Uplink Pilot CHannel), in each 5ms sub-frame, as shown in Figure 3: 
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Figure 3 – Structure of the sub-frame for 1.28Mcps TDD option

The DwPCH is used for the down link synchronisation and the UpPCH is used for the uplink synchronisation. The position and the contents of the DwPCH are equal to the DwPTS (Downlink Pilot Time Slot), while the position and the contents of the UpPCH are equal to the UpPTS (Uplink Pilot Time Slot).

The burst structure of the DwPCH (DwPTS) is described in Figure 4 (where 'GP' stands for 'Guard Period').
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Figure 4 – burst structure of the DwPCH (DwPTS)

During the first step of the initial cell search procedure, the UE uses the SYNC-DL (in DwPTS) to acquire DwPTS synchronization to a cell. The details about the SYNC-DL code are described in [8].

In order to complete the second and third steps of the cell search procedure (see Annex CA of TS 25.224 [9]), the MS needs to be able to read the P-CCPCH. For example, during the second step of cell search procedure, the UE reads the basic midamble code
 of the P-CCPCH to determine the scrambling code (or, if the scrambling code is provided, to verify that the mobile is looking at the right cell).


In the 1.28Mcps option, the BCH is mapped onto the Primary Common Control Physical Channels (P-CCPCH1 and P-CCPCH2). The position (time slot / code) of the P-CCPCHs is fixed: they are mapped onto the first two code channels (
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) of timeslot#0 with spreading factor of 16. As can be seen from subclause 5A.5.1 of TS 25.221, the beacon function is provided only by the two P-CCPCHs. Therefore the P-CCPCH RSCP can only be measured on timeslot 0.
3 Issues with monitoring TDD cells

3.3 3.84 Mcps option

In GSM, when in dedicated mode (on a TCH) or in packet transfer mode, measurements on cells belonging to other RATs can be performed only during search frames. Given that search frames occur every 120 ms and that the frame length for HCR TDD is 10 ms, the TDD synchronisation slots will appear exactly at the same positions relative to every GSM search frame (which will differ for each MS, depending on the particular channel(s) allocated to it). The length of the search frames varies according to the number of timeslots allocated to a mobile. It can vary from 12 timeslots (6.92 ms) in case of single slot allocation to 10 timeslots (5.77 ms) in the case of 4 DL timeslots and 1 UL timeslot for a Type 1 mobile
 (assuming that Tra applies, with Tra = 2 and Ttb = 1), as shown in Figure 5.


[image: image10.wmf] 

T

tb

 

T

ra

 

10 GSM timeslots

 


Figure 5
The useful duration of the search window, however, will be shorter because of the time required to switch between frequencies
.

For the 3.84 Mcps option, in the configuration option 1, since the synchronisation slots appear every 10 ms, the search window would need to be 10.067 ms long in order to guarantee that at least one synchronisation sequence falls within it and that the MS will be able to complete the first two steps of cell search. Therefore identification of a TDD cell is not guaranteed in this case. In case of single slot allocation, there is a high likelihood (~50%) that the TDD synchronisation slot does not appear in the GSM search window. 

In the configuration option 2, the worst-case distance between two TDD sync slots is 5.33 ms. The minimum search window to guarantee identification in this case would then be 5.4 ms (5.33 ms + 0.067 ms), as shown in Figure 6.
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Figure 6
Its duration corresponds to 9.36 GSM timeslots. Taking into account the time required to switch between frequencies, a minimum search frame of 11 GSM timeslots will be needed, although 12 GSM timeslots may be a more likely value in practice.

A search window of this size can guarantee only that the mobile will be able to complete the first and second steps of cell search. As seen in section 2.1, in order to guarantee that the third step of cell search can be completed and the PCCPCH RSCP can be measured, the window may need to be slightly larger (7 slot periods + 3072 chip periods = 5.47 ms), in order to guarantee that at least one beacon midamble falls into it
.

From what has been seen, it can be concluded that, when on a TCH, identification can be guaranteed only in the case of single slot allocation. If more than one timeslot is allocated to the MS, the search frame will be shorter than 12 GSM timeslots, and it may not be possible for the MS to identify a TDD cell.

In TS 05.08 and TS 45.008, the following requirement is specified (see subclause 7.3) for dedicated mode:

The MS shall report a new best UTRAN cell, which is part of the neighbour cell list, at the latest 5 seconds after it has been activated under the condition that there is only one UTRAN frequency in the neighbour cell list and that no new GSM cells are activated at the same time and under good radio conditions.
From what has been said before, it is clear that it will not always be possible to fulfill this requirement in case of HCR TDD cells.

3.4 1.28 Mcps option

For this option, each frame is divided in two sub-frames, each 5 ms long. Just as for the other option, the TDD frame structure maintains a fixed position with respect to every GSM search frame.

In this case, given that the SYNC_DL sequence is 64 bits long and repeats every sub-frame, the minimum window size to guarantee synchronisation is equal to 5 ms + 0.05 ms = 5.05 ms, as shown in Figure 7.
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Figure 7
Its duration corresponds to about 8.753 GSM timeslots. So for LCR TDD the situation is better than in the case of HCR TDD. Also, with a window of that size, it is guaranteed that a beacon slot (i.e. timeslot 0 of one sub-frame) will always be included within a window. So a window of this size is enough to guarantee that the MS will be able to complete the cell search procedure and be able to measure the P-CCPCH RSCP.

Assuming the RF switching time to and from a TDD frequency to be 0.5 ms, it may be possible to guarantee identification of a TDD cell even when the search frame is 11 GSM timeslots long, which corresponds to the case of two adjacent timeslots allocated to the MS.

4 Proposal

In order to resolve the issues highlighted in section 3, it is proposed to specify in TS 05.08 and TS 45.008 that, in dedicated mode, identification of a TDD cell is guaranteed only in case of single slot operation and (for the 3.84 Mcps option) if the TDD cell uses synchronisation option 2. In all other cases, the MS may still be able to “see” the synchronisation channel, so, if there are TDD cells present in the neighbour cell list, the mobile should try to identify them. However, if the position of the synchronisation channel relative to the search windows is such that the MS cannot “see” the SCH or the DwPCH, and hence the MS is not able to identify a new TDD cell or perform measurements on it, the MS is allowed to stop searching for this cell, and will not report it to the network. With this solution it is possible to avoid the case where the MS would keep on searching for a TDD cell when the synchronisation slot cannot be decoded. If the network wants to hand over a call to a TDD cell that the MS is not able to identify and report, it can use blind handover.

It is also proposed to state in TS 05.08 and TS 45.008 that the requirement in subclause 7.3 quoted in section 3 may not be fulfilled in case of TDD cells.

It is proposed that the MS should search for a TDD cell for at least 5 seconds; if after 5 seconds it has not been able to identify the TDD cell, the MS is allowed to stop searching for that cell. The alternative would be not to specify the behaviour of the mobile in these circumstances, but to leave it implementation dependent: it would then be a designer’s choice how long the MS should try to read the synchronisation channel for before deciding that it is not possible to identify the cell. However, the MS could periodically try to identify a TDD cell, in case the previous times this was not possible due to bad radio conditions, but this is left to manufacturer’s decision.

It is worth noting that, if the MS is handed over to a new GSM cell, the position of the search windows in the new channel(s) will be different, and the MS may be able to “see” the synchronisation channels from the new GSM cell and is hence able to identify the TDD cell and perform measurements on it. Therefore, even if the MS had tried to synchronise to the TDD cell in the old GSM cell and had stopped, it should try to synchronise to that cell again after the handover (provided that, in the new GSM cell, the TDD cell is still included in the neighbour cell list). There are also other situations when the MS should start searching for a specific TDD cell again, for example events that lead to changes in the MS search frame position relative to the serving cell timing, such as during a physical channel reconfiguration.

Similar principles should apply in packet transfer mode. In this case, subclause 10.1.1.2 of TS 05.08 and TS 45.008 states:

In some allowed multislot configurations (see 3GPP TS 45.002) the MS is not able to perform BSIC decoding or multi-RAT measurements. In this case, the MS may delay the requesting of uplink packet resources or not receive some allocated downlink packet resources in order to comply to the requirement to search, verify and decode BSIC information, or in order to perform multi-RAT measurements.

However, it is believed that this should not apply in the case of monitoring TDD cells, or at least only in exceptional circumstances. This is because, in the situation described in that paragraph, the network should be aware of the case when the monitoring may affect GPRS operation. Also, normal operation should be affected only in very limited cases, meaning specific multislot allocations; TDD should not add such cases: TDD should not create more transmission/reception gaps than otherwise needed for any particular multislot configuration. Therefore it is proposed that also in packet transfer mode the MS should stop monitoring a particular TDD cell if it is unable to synchronise to it.

5 Conclusions

As shown in the paper, due to the particular structure of the TDD synchronisation channels, it is not always possible for an MS in dedicated mode or packet transfer mode to identify a UTRA TDD cell or perform measurements on it. It is therefore proposed to revise the specifications to take this into account, as described in the present document. The corresponding change requests are provided in [11], [12], [13] and [14].
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� The 1.28 Mcps option has been included in the specifications only from Release 4 onwards.


� This is the physical channel that the BCH (Broadcast Channel) transport channel is mapped to.


� Note that the cell parameter of one cell will change from frame to frame (see Table 7 of TS 25.223 � REF _Ref48458451 \w \h ��[8]�), but the cell will belong to only one code group and thus have one time offset toffset,n.


� The TDMA frame has a duration of 10 ms and is subdivided into 15 time slots (TS) of 2560*Tc duration each. A time slot corresponds to 2560 chips.


� Each basic midamble code is associated with one scrambling code.


� High multislot classes are not considered here. For a Type 2 mobile, in the worst case the length of a search frame is 8 timeslots.


� In the paper, we adhere to the following terminology: a “search window” is the time left from a “search frame” after the MS RF (and other) switching times have been subtracted. In developing the test cases for the UTRAN, RAN4 has assumed that the UE has switching times no greater than 0.5 ms. If the switching time is greater than this, the UE might not be able to fulfil the current RAN4 test requirements.


� If, in order to read the midamble, the mobile needs to acquire a full slot’s worth of data, then the search window will need to be larger, 9 TDD slots (i.e. 6 ms), to guarantee that at least one full beacon slot will fall into it (note that beacon slots coincide with synchronisation slots). This is for further investigation. However, if this is the case, the MS may not be guaranteed to be able to measure the RSCP of a TDD cell in any circumstances.
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