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1
Introduction
There are two key aspects that will impact cell detection performance for low cost MTC UE, as LTE Category-0 UE.  There are 1Rx and half-duplex FDD.  It is generally agreed that the existing legacy cell detection performance with 2Rx is loose enough to accommodate 1Rx.  There is no need to relax the cell detection performance, and the full duplex FDD low-cost MTC UE will have the same cell detection requirements as that of legacy LTE UE.  For half-duplex FDD UE, however, the legacy cell detection requirements may be applied only when the side condition is satisfied, as in the agreed WF [1]:
· The side condition for cell identification for HD-FDD shall be: one of DL subframes # 0 or # 5 of the cell to be identified is available at the UE in every radio frame.
With the side condition, the cell detection requirements for HD-FDD could be defined as [1]

· The R8 cell identification requirement of [600]ms (only PCI acquisition part) in TS36.133 can apply for HD-FDD case.

This contribution re-visits the validity of the side condition for cell identification of HD-FDD UE.  Certain scenarios are studied under the agreed side condition.  Further analysis is provided to suggest further clarification on the side condition.

In last RAN4 meeting we pointed out potential impact on cell detection performance due to lost PSS/SSS subframes in the half-duplex operation [4].  We can either relax the requirements for HD-FDD UE, or restrain certain conditions for HD-FDD operation on SF allocation, as indicated in [1].  The WF in [1] was agreed on the side condition for HD-FDD operation.  However, there are no explicit simulation results to support the proposed requirements of cell-detection for HD-FDD UE.  Although some companies have claimed that their simulations have taken into account a certain PSS/SSS subframes, we propose to explicitly study this case with simulations in this contribution.  For simplification two scenarios are provided with a total of 4 simulation cases as extra cases to the simulation assumptions in [3]. 
2
Analysis on test cases for cell detection of HD-FDD UE
Cell detection performance depends on the availability of PSS/SSS subframes.  HD-FDD UE won’t be able to access all possible PSS/SSS subframes at SF#0 and SF#5 due to the half-duplex operation.  Apparently, in an extreme case, if all SF#0 and SF#5 are not available in the DL for a HD-FDD UE for a long period of time, the UE won’t be able to perform cell identification and the corresponding cell detection performance will be very poor.
There are two potential approaches on how to treat this problem for HD-FDD UE specification.  The first approach is to consider relaxation of the cell detection performance for HD-FDD UE under realistic half-duplex operation, as suggested in [4].  The estimation of relaxation on the cell identification provides the upper bound for realistic half-duplex UE.
The second approach is to constraint the half-duplex operation with some suitable side conditions for the requirements and testing.  During the previous meeting, RAN4 agreed to use this approach by adopting a side condition for HD-FDD UE cell detection.  As indicated in the WF [1], and also agreed in the corresponding CR [2], the side condition is that

· one of DL subframes # 0 or # 5 of the cell to be identified is available at the UE in every radio frame.
With the side condition, the cell detection requirements for HD-FDD could be defined as [1]

The R8 cell identification requirement of [600]ms (only PCI acquisition part) in TS36.133 can apply for HD-FDD case.
2.1
Analysis on the side condition

Under the side condition, ideally, we should be able to evaluate the cell detection performance of HD-FDD UE with 1Rx through simulations.  However, such effort has not been explicitly evaluated in RAN4.  Most of the simulation results are based on 1Rx with full-duplex UE for cell detection.  Although some companies may claim that their simulation results of cell detection have already considered the half-duplex case, with absence of some DL subframe #0 or subframe #5.  For example, in [5], it is claimed that only SF #5 are used for cell detection.  The simulations are still based on the simulation assumptions in [3], which is based on the full duplex UE.  Cell detection performance for half-duplex UE, especially under the side condition agreed in [1], has not been fully evaluated in RAN4.
The side condition as defined in the WF [1] is quite loose in general.  It indicates that at every 10ms radio frame, either SF#0 or SF#5 shall be available for the HD-FDD UE.  For the worst case, there will be only one subframe, which is either SF#0 or SF#5, available at every radio frame.  The legacy Rel-8 requirements should be met under this condition, according to [1].
Let’s evaluate the PSS/SSS performance as defined in the previous simulation assumptions of [3].  The cell ID combinations are listed here for easy reference.

Table 1    Cell ID combinations in [3]

	case #
	Cell 3

(Desired Cell)
	Cell 1

(Interferer 1) 
	Cell 2

(Interferer 2)
	Scenario

	 1
	psc3
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	2
	psc1
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	3
	psc1
	ssc1a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	4
	psc3
	ssc1a, ssc1b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	 5
	psc3
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Asynchronous

	6
	psc1
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Asynchronous

	7
	psc1
	ssc1a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Asynchronous

	8
	psc3
	ssc1a, ssc1b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Asynchronous


with the PSC and SSC indices

Table 2    Indices of PSC and SSC in [3]

	Label
	Code index
	Cell group index 

	psc1
	29
	-

	psc2
	25
	-

	psc3
	34
	-

	(ssc1a, ssc1b)
	(6, 8)
	36

	(ssc2a, ssc2b)
	(10, 12)
	40

	(ssc3a, ssc3b)
	(7, 9)
	37

	(ssc1a, ssc3b)
	(6, 9)
	65


Note that the PSS will be transmitted at both SF#0 and SF#5 with identical sequence; while the SSS at SF#0 and SF#5 will be different, depending on the combination of the SSC codes.  When one of SF#0 or SF#5 is missing, there will be no complete SSS available for one HD-FDD UE.  While with carefully designed cell searching algorithm, it would be possible to achieve good performance with only half of SSS.  However, for certain legacy cell searching algorithm, which might be directly applied for low-cost MTC device, the cell searching may suffer significant performance loss due to the absence of half SSS.

Based on our investigation, the loss of cell-detection performance due to absence of certain PSS/SSS subframes depends on cell detection algorithms.  Some algorithms, which may use the full PSS/SSS sequence at SF#0 and SF#5, will suffer significant performance loss.  Given the low-cost feature of HD-FDD MTC UE, the legacy cell search algorithm might be preferred to be applied directly.  The purpose of this study is to make sure that UE vendors should be aware this potential issue and make the cell detection requirements for low cost HD-FDD UE as feasible as possible.
With this consideration, and with the purpose to make sure that UE vendors are aware this, we propose to use simulation to evaluate the cell detection performance for HD-FDD, under the side condition.  The new simulation cases shall take in account the absence of SF#0 or SF#5.  For simulation purpose, we assume that either all SF#0, or all SF#5, are absent during the simulation.  For simplification, we propose to add extra 4 new simulation cases to the original 8 simulation cases as defined in the simulation assumptions [3].  These 4 simulation cases would be used only for HD-FDD UE to validate the cell detection performance.  
Table 3    New proposed simulation cases for HD-FDD

	case #
	Absence of SF#0 or SF#5
	Cell 3

(Desired Cell)
	Cell 1

(Interferer 1) 
	Cell 2

(Interferer 2)
	Scenario

	 9
	SF#5
	psc1
	ssc1a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	10
	SF#0
	psc1
	ssc3a, ssc3b
	psc1
	ssc1a,ssc3b
	psc2
	ssc2a, ssc2b
	Synchronous

	11
	SF#5
	psc1
	ssc1a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Asynchronous

	12
	SF#0
	psc1
	ssc3a, ssc3b
	psc1
	ssc1a,ssc3b
	psc2
	ssc2a, ssc2b
	Asynchronous


Please note that the cell ID combinations of Case #9 are identical to the cell ID combinations of Case #3.

Therefore, we propose:
Proposal:
Adopt the simulation cases defined in Table 3 to evaluate cell detection performance for HD-FDD through simulations.
4
Conclusion
The side condition for cell detection of HD-FDD UE is further investigated in this contribution.  Given that there is still no simulation study on the cell detection performance of HD-FDD with the agreed side condition, we propose a set of 4 new simulation cases to evaluate the cell detection performance through simulation.  The proposal is:
Proposal:
Adopt the simulation cases defined in Table 3 to evaluate cell detection performance for HD-FDD through simulations.
We propose RAN4 to consider this proposal during the specification process for HD-FDD low-cost MTC UE.
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