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1 Introduction
At 3GPP RAN4 #72 meeting agreements were reached regarding cell search procedure requirements for FD-FDD and TDD, but no agreement was reached for HD-FDD case. These agreements were captured in CR [1]. This paper discusses the remaining issue of cell search procedure for HD-FDD. 

2 Background
The cell search procedure comprises identifying the PCI of the target E-UTRA cell and performing a measurement on the newly identified E-UTRA cell. This requires a certain time which is called measurement period. The existing requirements for FDD and TDD are defined in 8.1.2.2 in [2] and they comprise a PCI acquisition time of 600 ms and a measurement time of 200 ms. In the CR, [3], for measurement requirements for UE category 0 with 1 Rx it was agreed to reuse the existing PCI acquisition time and to extend the measurement period from 200 ms to 400 ms for FD-FDD and TDD. This results in a total cell search time of 1000 ms as shown in Equation (1). These requirements apply for both FD-FDD and TDD.   

Cell identification time = PCI acquisition (PSS/SSS acquisition) + L1 measurement period of RSRP/RSRQ


(1)
Since HD-FDD operation is different from FD-FDD in several ways. The main difference from a spectrum point of view is that in HD-FDD uplink (UL) and downlink (DL) take place on different paired carrier frequencies but not simultaneously in time in the same cell whereas in FD-FDD uplink and downlink are independent and therefore can take place simultaneously. It is however noted that the eNB still operates on FD-FDD and therefore needs to keep track of on-going transmissions in both directions to avoid conflicts for HD-FDD UEs.  

The PSS and SSS that are needed for cell identification are transmitted in downlink at subframe #0 and #5. Since there are more subframe constraints in HD-FDD UEs in comparison to FD-FDD UEs [4], it was agreed in a Way Forward document that the eNB shall ensure that at least subframe #0 or #5 in downlink is available for HD-FDD UE for cell identification purpose [5].  

Numerous papers have discussed the cell search topic for HD-FDD UEs in previous meetings [6, 7] and they all concluded that the existing PCI acquisition time of 600 ms for FD-FDD UEs can also be used for HD-FDD UEs. Nevertheless, a company presented papers [8] at the last two meetings arguing in favour of relaxation of total cell search time for HD-FDD UEs. This is not necessary in our view because we believe that this proposal is based on some misunderstandings and further discussions are provided below in section 3.   

3 Discussion
At RAN4 #72 meeting a paper [5] containing simulation results for HD-FDD, assuming that DL subframe #0 or #5 is available in every radio frame as in [3], was presented. Based on the simulation results, this paper concluded that there is no need for further relaxation of PCI acquisition time as the existing requirements can be fulfilled by HD-FDD UEs. The cell search requirements for HD-FDD UEs should be defined based on simulation results assuming the conditions in which these UEs will operate in, and it should not be defined based on assumptions only. 
The proposal to extend the total cell detection time for HD-FDD UEs to 1300 ms in [8] is based on several assumptions. Firstly, [8] does not take into account the cell search agreements that were reached in [5]. This way forward document included the following agreements for HD-FDD UEs:

Way forward: cell identification for HD-FDD [5]:

· “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”.

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

“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.” 
The first assumption used in [8] to derive the number of PSS/SSS opportunities lost due to HD-FDD may be because of misunderstanding. The first side condition means that at least either subframe  #0 or #5 can be received in every radio frame, and that the other subframes (i.e. UL- and UL/DL- switching subframes) occurs outside this/these particular subframe(s) containing PSS/SSS. In other words, at least one subframe containing the PSS/SSS will be protected in every radio frame. This is a fundamental scheduling condition for HD-FDD UEs, and the observation presented in [8] does not take into account this condition and therefore the number of PSS/SSS opportunities lost due to HD-FDD operation may be revised. 
The second assumption used in [8] to derive the proposal is only valid if the UE needs to use all the subframes in existing cell search procedure to meet the current requirement. This is often not the case. It should be noted that the cell search simulation results presented in [9] for FD-FDD and TDD only used 1 subframe and the existing requirement was successfully fulfilled with good margin. In typical simulations, PSS/SSS search are assumed every 40 ms in Release 8, and in typical implementation the UE tries to detect the cells using several attempts within a given duty cycle, and once it succeeds it will stop the procedure.  This means that the overall performance should not be affected if some PSS/SSS opportunities are lost. 
The third assumption in [8] that does not affect the cell search time but is important to note is that inter-frequency cell search is not part of Release 12 requirements for low complexity UEs. 
The cell search simulation results presented in [8] states that when one PSS/SSS opportunity is lost there is performance degradation. It is notable that the performance difference will always be there due to e.g. reduced subframe opportunities in HD-FDD and reduced number of receive antennas but the time for PCI acquisition is still far below the existing requirement of 600 ms. 
The cell search procedure was also studied in another paper, [7], assuming that one of the DL subframe #0 or #5 of the cell to be identified is available at the UE in every radio frame for HD-FDD. The simulation results presented in this paper also shows that the cell identification time of low complexity UEs is still much less than the Release 10 requirement which is 800 ms.
Conclusively, all papers on cell search procedure for HD-FDD UEs show that the existing requirement for detecting PSS/SSS can be fulfilled by HD-FDD UEs assuming only one of the DL subframe #0 or #5 is available in every radio frame except for one paper [8] from a single company. With respect to the discussion and comparison of simulation results and proposals from various papers it is believed that proposal to extend the PCI acquisition time in [8] is based on some misunderstood assumptions while the simulation results show the opposite, i.e. the existing PCI acquisition time requirement can be fulfilled by HD-FDD UEs assuming the side condition in way forward document [5].
Based on the discussion above we propose the following:

· Proposal: The existing Release 8 requirement for PCI acquisition time of 600 ms is reused for HD-FDD UEs. 

4 Summary  
In this paper we have discussed the cell search time for HD-FDD UEs by reviewing the various contributions from various companies. Based on the analysis we propose:
· Proposal: The existing Release 8 requirement for PCI acquisition time of 600 ms is reused for HD-FDD UEs. 
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