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1. Introduction
The discussion of physical layer measurements in support of mobility is still somewhat immature in the context of FDD mode, but many of the precepts established or prominent in discussion for FDD appear readily applicable to TDD mode. This contribution discusses the suitability of existing measurement modes already discussed in the FDD context for TDD operation, and the prospects for aligning TDD and FDD modes of operation (as recommended by 3GPP TS 25.913) to the greatest extent feasible.
2. Discussion
As in FDD, measurement of the first two reference symbols (RS) – i.e. RS0 and RS1 (if present) – seems sufficient for measurement purposes. Again, some indication of the presence of RS1 on a target cell for measurement is required, but there seems to be no reason why, as in FDD mode, this cannot be indicated on the S-SCH.
Further, for the generic frame structure, all available reference symbols (RS) should be observable for measurement in at least the subframes containing the SCH and BCH. That is, as discussed in [1]

 REF _Ref163569365 \r \h 
[2], the first and sixth subframes (subframe 0 and 5) should make available all four RS-bearing OFDM symbols for measurement purposes. It is also desirable that – as in the FDD case – MBSFN mapping onto subframes 0 and 5 should not be supported to avoid ambiguity concerning the RS pattern and, of course, incorrect processing of MBSFN common pilots. Figure 1 indicates the minimum set of RS’s available for measurement processing assuming all subframes are allocated to the downlink.
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Figure 1 – RS symbol provisioning for measurement purposes.
Further concerning MBSFN operation and similar to FDD mode, UE’s making measurements on target cells may further assume that the 1st RS-bearing OFDM symbol of all DL subframes is unconditionally available for measurement, regardless of whether the subframe is allocated for MBSFN use. That is, MBMS subframes should at least have the first OFDM symbol configured using the cell’s unicast RS pattern (along with a unicast cyclic prefix (CP) dimension consistent with the default CP length established over subframes associated with the SCH and BCH transmission).
For the purpose of identifying the subframes applicable in a target cell for measurement purposes – i.e. the DL subframes – UE’s must be provided with information on the DL/UL pattern of subframes on that cell (here the pattern may simply be the number of subframes allocated to the downlink numbered from the start of the 10ms radio frame). Here, a number of options seems feasible, including:
a) identification of the DL/UL pattern from an examination of the P-BCH of the target cell,
b) permitting UE’s to assume that all target cells are subject to the same DL/UL pattern as the active or camped cell (i.e. delivered on serving cell P-BCH)
c) static specification of a DL/UL pattern to be applied for measurement purposes,
d) specification of the DL/UL pattern along with, if required, the carrier raster frequency for inter-frequency measurements.
Here, option a) is flexible, but requiring the UE to read the target cell P-BCH could delay delivery of a measurement report. Option b) is simple, and pragmatic but – while inter-cell time and synchronization  of DL/UL split is likely in many if not all deployments – it may be excessive to specify this as a formal requirement. Option c) could be based on a static configuration of a minimum number or pattern of subframes that must be allocated for DL transmission and so are guaranteed to be present. This seems feasible, but would require further work to identify optimal minimal guaranteed downlink pattern. Finally, option d), while flexible, may be unnecessarily complex and not add much information beyond the other options at the expense of additional signalling. Given these choices, it is recommended this aspect be further studied.

In terms of intra-E-UTRA measurement definitions, there appears to be little justification for deviating from measurements of Reference Symbol Received Power (RSRP) and RSSI as already defined in connection with FDD mode. The UE measurement bandwidth has, of course, been the subject of RAN1 discussion. RAN4 has recently concluded [5] in connection with FDD, however, that conformance requirements for measurement purposes should be based on a 1.25MHz/72 subcarrier bandwidth. Of course this does not constrain the approaches used by the UE to satisfy the conformance requirement. In any case, there appears to be no need for signalling of measurement bandwidth related parameters by the eNB.
For the purpose of inter-RAT measurements, at least the following measurements should be defined:

a) GSM RSSI
b) UTRA RSSI, CPICH RSCP, CPICH Ec/No 
3. Conclusions

In summary, maximising the commonality of measurement processing between FDD and TDD modes seems both desirable and feasible. The following key elements of FDD measurement processing are applicable to TDD mode:
a) Measurements are based on RS0 and RS1 (if present),
b) Measurement of all RS-bearing OFDM symbols should be available in subframes associated with BCH/SCH transmission, and MBSFN operation in such subframes should be precluded,
c) At least the first RS-bearing OFDM symbol should be available in all downlink subframes for measurement purposes, regardless of whether MBSFN transmission is mapped onto those subframes,
d) The UE should be free to apply whichever measurement bandwidth is necessary to meet the conformance criteria, and signalling of a measurement bandwidth by the eNB is unnecessary
e) Measurements of at least GSM RSSI, and UTRA CPICH RSCP, CPICH Ec/No should be supported
Finally, the definition of which downlink subframes are available for measurement purposes in target cells should be for further study.
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