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1. Introduction
Low complexity UE is defined by several capabilities, and one important capability that may affect or degrade the downlink cell measurement (e.g. RSRP, RSRQ) is single receive antenna capabilty. The existing requirements were defined for two receive antennas. Simulation assumptions for RSRP/RSRQ for low complexity UE were agreed in RAN4#70 meeting for Full Duplex-FDD and Half Duplex-FDD (HD-FDD) and it can be found in [1].  In [1] it was agreed that companies are to identifiy how many subframes (N) that are needed for RSRP/RSRQ measurements for HD-FDD operation. 
In this paper, we discuss the impact of HD-FDD on RRM requirements by studying the RSRP/RSRQ and cell identification simulation results presented in [2] and [3]. 
2. Discussion and analysis
2.1 RRM measurements
Half Duplex-FDD (HD-FDD) operation is different from Full Duplex-FDD (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.  
As discussed and noted in previous contributions [4], no simultaneous operation in UL and DL removes the need for a duplexer while it adds a new constraint in form of a switching-time. A switching-time is a subframe which is wasted for HD-FDD UEs due to switching from DL to UL and UL to DL. Downlink cell measurements (e.g. RSRP, RSRQ) require a certain number of subframes. For a FD-FDD UEs this is not a problem since UL and DL can take place anytime simultaneously. However, this is a constraint for HD-FDD UEs as the UE has to switch between UL and DL, and because of the unused subframe. Therefore the eNB scheduler has to ensure that at least a certain numbers of DL and UL frames are available at the UE for doing measurements.

The RSRP/RSRQ simulation results presented in [2] assumes two consecutive and non-coherent subframes (e.g. subframe 4 and 5) every 40 ms for RSRP/RSRQ measurements for FD-FDD. It was observed that there is a measurement accuracy degradation of 1-2 dB when reducing the number of receive antennas from 2 to 1. 
In contrast to [2], the cell identification results in [3] assume only one subframe for measurements (subframe 5). The results show that the cell-search requirement can be fulfilled when measuring on one subframe every 40 ms for FD-FDD. However, for HD-FDD UEs the same measurement period and sampling rate would not be sufficient because there are more subframe constraints in comparison to FD-FDD UEs. This is exemplified in Table 1 wherein it is assumed that subframe 0 and 5 are used for cell identification data, subframe 5 for paging/SIB, and UE receives a PDSCH transmission on subframe 3. These assumptions require the UE to send HARQ feedback in subframe 7. According to HARQ requirements in 36.213, the UE is required to provide HARQ feedback with a 4 subframe delay from point of reception, and the same requirement is also valid for uplink transmission. This means that the eNB scheduler has to reserve subframe 7 for UL. This adds a new constraint to HD-FDD UEs in addition to switching-subframe constraint as described earlier. 
Table 1HD-FDD HARQ feedback example

	#0 (DL)
	#1 (DL)
	#2 (DL)
	#3 (DL)
	#4 (DL)
	#5 (DL)
	#6 (GP)
	#7 (UL)
	#8 (UL)
	#9 (GP)

	PSS
SSS

BCH
	PHICH
	PHICH
	 PDSCH
	PDSCH
	PSS
SSS

SIB
	 DL->UL
	PUCCH
PUSCH
	PUCCH
PUSCH
	UL->DL


In another example, it is assumed that 1 subframe is used for cell identification/cell measurments every 40 m which is also a typical UE implementation. In this case cell identification and measurements becomes very challenging for HD-FDD UEs compared to FD-FDD UEs. 
Therefore it would be necessary for eNBs to ensure that at least certain subframes of the measured cell (cell to be identified or whose RSRP/RSRQ is to be measured) are more frequently available for HD-FDD. More specifically, we propose:

· Proposal #1: At least one DL subframe, which is subframe 0 or 5, is available in every radio frame for cell identification purpose. 
· Proposal #2: At least one DL subframe is available in every radio frame for cell measurements (RSRP, RSRQ) purpose.

2.2 RLM 

In order to monitor the radio link quality of the PCell, UE is required to monitor the downlink link quality based on the cell-specific reference signal (CRS). This is done in non-DRX mode operation by the physical layer in the UE. According to the requirement in [5], UE shall in every radio frame assess the radio link quality, evaluated over the previous time period, against thresholds (Qout and Qin). This is normal operation for FD-FDD UEs; however, for HD-FDD UEs which switch between downlink and uplink this becomes challenging because UL and DL cannot take place simultaneously. Therfore it would be necessary for eNBs to ensure that at least certain downlink subframes of the measured cell (PCell) are available for HD-FDD UEs for measuring on the CRS for radio link monitoring purpose. Since cell-specific signals are always included in the PRB whenever downlink subframes are available for mesurements, we believe that at it would be sufficient if eNB can ensure that at least one downlink subframe is available for CRS measurements. 
· Proposal #3: At least one DL subframe is available in every radio frame for radio link monitoring purpose.
3. Summary 
In this paper we have discussed the impact of HD-FDD on RRM requirements by studying the cell measurement and cell identification results in [2] and [3]. Based on the results and analysis above we propose the following:
· Proposal #1: At least one DL subframe, which is subframe 0 or 5, is available in every radio frame for cell identification purpose. 

· Proposal #2: At least one DL subframe is available in every radio frame for cell measurements (RSRP, RSRQ) purpose.

· Proposal #3: At least one DL subframe is available in every radio frame for radio link monitoring purpose.
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