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1 Introduction
There are two broad issues that must be addressed when considering backwards compatibility aspects of higher chip rate UTRA TDD with 3.84Mcps TDD :

· the ability of a higher chip rate UTRA TDD network to service 3.84Mcps TDD UEs

· the ability of higher chip rate UTRA TDD UEs to be serviced by the installed base of 3.84Mcps TDD infrastructure
Methods of achieving backwards compatibility are addressed in this document. The document refers to the reference configuration at a chip rate of 7.68Mcps. A text proposal for TR25.895 [1] is included in section 5.
2 Servicing higher chip rate TDD UEs by the installed 3.84Mcps TDD infrastructure

It is clear that a UE that is capable of operating only at the higher chip rate will not get service from the 3.84Mcps TDD infrastructure. This situation is no different to the current situation where FDD only UEs will not get service in locations where only TDD infrastructure is deployed and similarly DCS1800 only terminals will not get service in locations where only GSM900 infrastructure is deployed. Thus this section only considers the case of dual mode UEs (where a dual mode UE is defined as one that implements both the higher chip rate and 3.84Mcps in the same release of the standard).
According to the reference configuration in TR25.895 [1], when a dual mode UE roams onto a 3.84Mcps network, it shall simultaneously identify both the chip rate and the code group for the cell found in the cell search procedure (note that due to the repetition coding of the SCH, the higher chip rate SCH appears to operate at a chip rate of 3.84Mcps to the UE). During this cell search procedure, the dual mode UE will implicitly identify the chip rate of a 3.84Mcps cell by virtue of the existence of a valid modulation sequence on the SCH. The dual mode UE will then reconfigure itself to operate at 3.84Mcps.

Higher chip rate TDD UEs can thus be considered to be backward compatible with the installed base of 3.84Mcps TDD infrastructure.

3 Servicing 3.84Mcps TDD UEs in a higher chip rate UTRA TDD network

3.1 Multiple Frequency Bands

In the case that a network operator is licensed to operate in more than one frequency band (such as the IMT-2000 band and a newly allocated frequency band) and the 3.84Mcps TDD system is deployed in the IMT-2000 band, there should be no backwards compatibility issues. In this scenario, the 3.84Mcps TDD UE will search for a 3.84Mcps TDD cell in its available frequency band and camp on an appropriate cell in that band.

In this scenario, if a dual mode higher chip rate UE attaches to a 3.84Mcps TDD cell, UTRAN may perform a hard handover of that UE to a higher chip rate TDD cell according to UE measurements and network policies.
3.2 Single Frequency Band

This section considers the following cases :

1. case 1 : a network operator is licensed to operate in a single frequency band and wishes to operate both 3.84Mcps TDD cells and higher chip rate TDD in the same band. It is assumed that the 3.84Mcps TDD cells and the higher chip rate TDD cells may be deployed in the same geographic area and there may be overlapping coverage between the two chip rates. This scenario may occur in geographies where there are large allocations of TDD spectrum. According to this scenario, frequency allocations for a network deployment could be as shown in Figure 1 (where operators A and C deploy 3.84Mcps TDD in 5MHz bandwidths and 7.68Mcps TDD in 10MHz bandwidths in the same frequency allocation; operator B only deploys 3.84Mcps TDD). 
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Figure 1 - Example frequency allocation for three operators according to case 1
2. case 2 : a network operator is licensed to operate in a single frequency band and wishes to operate solely higher chip rate cells, but still service 3.84Mcps TDD UEs that roam onto their network.

3. case 3 : a network operator has a 3.84Mcps TDD deployment in a frequency band where their license is capable of supporting higher chip rate TDD and the operator wishes to upgrade their network to the higher chip rate while still providing service to the installed base of 3.84Mcps TDD UEs. According to this scenario (and the previous scenario), frequency allocations for a network deployment could be as shown in Figure 2.
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Figure 2 - Example frequency allocation for three operators according to cases 2 and 3

Case 1 raises the backward compatibility issue of 3.84Mcps TDD UEs attempting to camp onto 7.68Mcps TDD cells. This is only a problem if, as a consequence of attempting to camp onto a 7.68Mcps cell previously, the UE is not able to subsequently camp onto the 3.84Mcps cell.
Cases 2 and 3 raises the backward compatibility issue of 3.84Mcps TDD UEs and 7.68Mcps TDD UEs being served by the same cell.
3.2.1 3.84Mcps UEs attempting to camp onto higher chip rate cells

The backward compatibility issue raised by case 1 of section 3.2 is whether the operation of 3.84Mcps TDD UEs will be impacted by the presence of higher chip rate TDD systems in the same frequency band. This section addresses this issue.

UE procedures regarding cell selection are specified in [2]. When the UE performs initial cell selection, the UE selects a cell according to the following steps  :
1. the UE measures the P-CCPCH RSCP and selects the strongest cell

2. the UE reads MIB (system information to find the PLMN ID of the cell)

3. the UE performs a selection procedure as a function of the PLMN ID (depending on PLMN priority order)

Note that once an initial cell selection has been performed, subsequent cell selections may be aided with cell information parameters stored in the UE.

It is apparent that the UE will not be able to camp onto a higher chip rate cell since the UE will not be able to read system information on that cell (even in the unlikely event that it correctly knows the code group for that cell). The UE will thus not be able to read the PLMN ID of the higher chip rate cell and will search for other cells (in the example of Figure 1, if a UE subscribed to operator A searches frequencies in descending order, it will reject the two higher chip rate cells due to inability to read PLMN ID; it will also reject the 3.84Mcps TDD carriers of operators B and C due to incorrect PLMN ID; it will eventually correctly camp on the 3.84Mcps TDD cell of operator A).

Thus 3.84Mcps TDD UEs are expected to be able to camp on 3.84Mcps TDD cells correctly when higher chip rate cells also exist in the same frequency band. There is thus expected to be no backward compatibility issue relating to case 1 of section 3.2.

3.2.2 Serving 3.84Mcps TDD UEs and higher chip rate UEs in the same cell
It is clear that a 3.84Mcps TDD UE cannot be served by a 7.68Mcps cell if that cell only signals at the higher chip rate. There are various possible methods for coexistence of 3.84Mcps and 7.68 Mcps UEs in the same cell.

3.2.2.1 Separated sets of timeslots, separated systems
Timeslots can be separated into 3.84Mcps and 7.68Mcps timeslots, such that single mode 3.84Mcps UEs and single mode / dual mode 7.68Mcps UEs can be accommodated in the same cell. A timeslot and carrier arrangement as shown in Figure 3 can be employed. A 3.84Mcps UE would synchronise with the SCH and read beacon on timeslot 0. UTRAN would only ever allocate a 3.84Mcps UE with resource in timeslots 0 to 5 (it would appear to the UE as though timeslots 6-14 were never used. In Release 99, UTRAN is at liberty to never use certain timeslots, so the UE should be capable of operating only in timeslots 0 to 5 as per this example). Likewise a 7.68Mcps single mode UE would synchronise with the SCH and read beacon on timeslot 6 and be allocated resource only in timeslots 6 to 14.
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Figure 3 - An example mix of 3.84Mcps and 7.68Mcps timeslots for “separated systems” case
In this configuration, a 3.84Mcps UE will not consider the SCH of the 7.68Mcps carrier due to the offset in carrier frequencies between the 3.84Mcps system and the 7.68Mcps system. A 3.84Mcps only UE will thus be able to camp on to the 3.84Mcps system according to the SCH and beacon in timeslot 2 (once the UE’s frequency scan reaches the centre frequency of the 3.84Mcps system).

Note that a 3.84Mcps only UE would in any case fail to decode system information from the beacon of the 7.68Mcps system. 

A similar argument can be applied for a 7.68Mcps only UE : it will camp on the 7.68Mcps system according to the SCH and BCH in timeslot 6.

Note that a dual mode 3.84Mcps / 7.68Mcps UE that camps onto the 3.84Mcps system can be handed over to the 7.68Mcps system.

The network may change the ratio of the number of timeslots allocated for 3.84Mcps to the number of timeslots allocated for 7.68Mcps. This ratio can be altered according to the relative demand for 3.84Mcps and 7.68 service (for instance, in the early phase of a 7.68Mcps roll-out, most of the timeslots may be allocated to 3.84Mcps, in the latter phase most timeslots may be allocated to 7.68Mcps).

A network roll-out that deploys solely UTRAN and UE equipment capable of 7.68Mcps operation may still allow for some 3.84Mcps timeslots in order to allow 3.84Mcps TDD roaming users onto the network..
This scenario allows 3.84Mcps UEs, single mode 7.68Mcps UEs and dual mode 3.84Mcps / 7.68Mcps UEs to be serviced by the same UTRAN equipment.

3.2.2.2 Separated sets of timeslots, scheduling

This scenario allows 3.84Mcps only and dual mode 3.84Mcps / 7.68Mcps UEs to co-exist in the same cell. The timeslot allocation for 3.84Mcps and 7.68Mcps systems is similar to that of Figure 3 and is shown in Figure 4. The main difference between this timeslot arrangement and that of section 3.2.2.1 is that in this case, there is no SCH for the 7.68Mcps system.
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Figure 4 – an example set of 3.84Mcps and 7.68Mcps timeslots where 7.68 users are scheduled from the 3.84Mcps system

In this scenario, UEs of either chip rate search for the 3.84Mcps SCH and camps on to the cell according to the SCH and beacon in timeslot k (k =2 in this example). The 7.68Mcps and 3.84Mcps system are synchronized and the timing and frequency relationship of the 7.68Mcps system relative to the 3.84Mcps system will be known by the UE. UEs can maintain synchronization using the SCH in timeslot 0 (and may make use of the beacon channels in either system in addition). Dual mode 7.68Mcps UEs are allocated resources by the 3.84Mcps system. For a dual mode UE, the allocated resources may be in the 7.68Mcps timeslots, for a 3.84Mcps only UE, the allocated resources will be solely within the 3.84Mcps system.
This scenario allows 3.84Mcps UEs and dual mode 7.68Mcps UEs to be serviced by the same UTRAN equipment.

3.2.2.3 Use of 7.68Mcps as an auxiliary downlink
The 7.68Mcps carrier could be used as an auxiliary downlink carrier. For instance, the 7.68Mcps carrier could be used as an auxiliary downlink carrier by operator A or operator C in Figure 1. Note that the 7.68Mcps carrier does not have to be contiguous with the 3.84Mcps carrier. Figure 5 shows a case where 7.68Mcps is used as an auxiliary downlink to a 3.84Mcps system. Use of 7.68Mcps TDD as an auxiliary downlink is completely analogous to the use of OFDM or HSDPA as an auxiliary downlink for FDD in some spectrum allocations.

[image: image5]
Figure 5 - Example use of 7.68Mcps TDD as an auxiliary downlink

In this figure, a 3.84Mcps UE would be allocated resources solely in the 3.84Mcps carrier. A dual mode 3.84Mcps / 7.68Mcps UE would use uplink resource in the 3.84Mcps system and could receive downlink in either the 3.84Mcps carrier or the 7.68Mcps carrier. Both 3.84Mcps UEs and 7.68Mcps UEs achieve synchronization using the 3.84Mcps SCH and beacon. The auxiliary downlink at 7.68Mcps is at a known frequency relative to the 3.84Mcps carrier (this relationship could be signalled to the UE).
There are two subclasses of 7.68Mcps UE capable of operating with an auxiliary carrier, either subclass is feasible :

· half duplex UE (cannot transmit and receive at the same time : this places a restriction on UTRAN scheduling)

· full duplex UE (can transmit and receive at the same time : possibly incurring a cost in terms of UE noise figure and UE cost)
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5 Text Proposal

The above discussion is summarized in the text proposal for TR25.895 below. This text proposal lists methods by which backward compatibility may be achieved between 3.84Mcps and 7.68Mcps system elements.

<<<<<<<<<<<<<<<<<<<<<<<<<<<< START OF TEXT PROPOSAL >>>>>>>>>>>>>>>>>>>>

6.5
Backward Compatibility


6.5.1 Operation of higher chip rate UEs in 3.84Mcps TDD infrastructure

It is clear that a UE that can only operate at the higher chip rate will not get service from a 3.84Mcps UTRAN. This situation is analogous to the case where DCS1800 only UEs do not get service from a GSM900 network.

Due to the similarity in the coding of the SCH, a dual mode (higher chip rate / 3.84Mcps TDD) UE is able to identify the chip rate and code group for a cell no matter whether the cell operates at 3.84Mcps or the higher chip rate. If, from the modulation of the SCH, the dual mode UE identifies that the cell operates at 3.84Mcps, it can reconfigure itself to operate at 3.84Mcps.
6.5.2 Operation in multiple frequency bands

In the case that higher chip rate TDD is implemented solely in one frequency band and 3.84Mcps TDD is implemented solely in another frequency band, there are no backwards compatibility issues : 3.84Mcps UEs are serviced in one band, higher chip rate UEs in the other band, dual mode UEs may be serviced in either band.
6.5.3 Operation of 3.84Mcps TDD UEs when higher chip rate UTRAN is deployed

When 3.84Mcps TDD carriers and higher chip rate TDD carriers are both deployed in the same band, 3.84Mcps UEs will not attempt to camp on to higher chip rate carriers since they :
1) are unlikely to correctly decode the code group for the higher chip rate cell

2) will be unable to correctly read system information and will thus reject the higher chip rate cell
These 3.84Mcps TDD UEs will then be able to camp on 3.84Mcps carriers in the same band.
6.5.4
Servicing of 3.84Mcps TDD UEs under higher chip rate UTRAN
Both 3.84Mcps TDD UEs and higher chip rate UEs can be serviced by a higher chip rate UTRAN when the higher chip rate UTRAN is dual mode. An example timeslot arrangement for dual mode higher chip rate UTRAN is given in Figure AAA. In this arrangement, two separate chip rates can be accommodated in the same frame; the two chip rates may operate independently of one another. Each chip rate carries its own SCH and beacon function. 3.84Mcps TDD UEs will camp on the cell according to the 3.84Mcps TDD SCH and beacon. Higher chip rate UEs will camp on to the cell according to the higher chip rate TDD SCH and beacon. Dual mode UEs may be “handed over” between the timeslots within the frame.
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Figure AAA – frame structure allowing 3.84Mcps TDD and higher chip rate UEs to be serviced by a dual mode higher chip rate UTRAN
6.5.5 Operation of higher chip rate as an auxiliary downlink

Both 3.84Mcps TDD UEs and higher chip rate TDD UEs may be serviced when the higher chip rate TDD is used as an auxiliary downlink carrier. This operation is shown in Figure BBB. 3.84Mcps TDD UEs are serviced by the 3.84Mcps carrier. Higher chip rate UEs can be serviced by the 3.84Mcps carrier (e.g. for uplink) and by the 7.68Mcps carrier (e.g. for downlink). The higher chip rate UE may be able to operate either in a half-duplex mode or in a full-duplex mode.
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Figure 6 - Example operation of higher chip rate TDD as an  auxiliary downlink
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