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1. Introduction
In RAN4 #84bis meeting, there was further discussion on intra-frequency RSTD measurement requirements but conclusion cannot be made due to disagreement on the need for measurement gap for intra-frequency RSTD measurement. For the progress of the work, WF [1] was agreed. 
· The need for measurement gaps for intra-frequency PRS measurements is FFS until RAN4#85
In this contribution, we provide our view on the need for measurement gap for intra-frequency RSTD measurement of FeMTC UE. 
2. Discussion 

2.1.  PRS configuration for FeMTC UE
PRS was introduced into LTE from Rel-9 for positioning measurement support based on OTDOA (observed time difference of arrival) technique. For typical PRS configuration, PRS occupies the whole system bandwidth during a PRS occasion and one PRS occasion can occupy NPRS SFs. In practical network deployment, NPRS is selected carefully so that UE can provide sufficiently accurate RSTD measurement reporting at target PRS coverage while PRS configuration does not incur too much radio resource overhead. According to RSTD measurement accuracy requirement in TS 36.133, larger system bandwidth allows configuration of smaller NPRS. 
When RAN1 introduces RSTD measurement support for FeMTC UE in Rel-14, it was found that reusing Rel-9 PRS design to support RSTD measurement of FeMTC UE could incur too much overhead. For example, for LTE carrier with 10MHz system bandwidth, LTE UE with 2 Rx chain requires NPRS=1 to meet the measurement accuracy in TS 36.133. On the other hand, FeMTC UE requires averaging over 12 PRS SFs to meet the measurement accuracy. In order to avoid too long measurement delay, network should configure PRS with large NPRS. If PRS design in Rel-9 is reused, there are two options. 
· Option 1: configure PRS with 6 RB bandwidths with large NPRS, i.e., NPRS=6
· Option 2: configure PRS with 50 RB bandwidths with large NPRS, i.e., NPRS=6

Option 1 is not desirable since RSTD measurement accuracy of legacy LTE UE is affected. Option 2 is not desirable since PRS configuration over NPRS=6 SF incurs large PRS overhead. That’s why RAN1 decided to introduce new PRS design in Rel-14 called multiple PRS configuration as shown in figure 1. With multiple PRS configuration, legacy LTE UE can still enjoy good RSTD measurement performance based on full PRB PRS configuration. Also, network can support RSTD measurement of FeMTC UE without too much overhead. 
Observation 1: Full PRB PRS configuration on large number of NPRS SF to support RSTD measurement of FeMTC UE incurs too much PRS overhead. RAN1 introduced a new PRS design called multiple PRS configuration to support RSTD measurement of FeMTC UE while avoiding too much PRS overhead. 
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Figure 1. Multiple PRS configuration for FeMTC UE
2.2. Need for measurement gap during RSTD measurement 
If network configures narrowband PRS for RSTD measurement of FeMTC UE, need for measurement gap for intra-frequency RSTD measurement is obvious. Since it is not guaranteed that MPDCCH/PDSCH narrowband and PRS narrowband overlap, UE should open a gap to perform RSTD measurement. Also, we believe that it is more practical to assume that network will configure narrowband PRS for FeMTC UE following the spirit of Rel-14 PRS design. 
Observation 2: If network configures narrowband PRS for RSTD measurement of FeMTC UE, UE should rely on measurement gap for intra-frequency RSTD measurement. 
In last meeting, one company argued that RAN4 should assume that network could configure full PRB PRS for RSTD measurement and thus FeMTC UE should be able to perform intra-frequency RSTD measurement without measurement gap. For this argument, we first would like to understand why network wants to configure full PRB PRS despite large PRS overhead when there is a way to configure PRS in a more efficient way. 
Proposal 1: If RAN4 assumes full PRB PRS configuration for FeMTC UE, there should be enough justification for such configuration in terms of RSTD measurement performance and PRS overhead. 

Even when full PRB PRS is configured, there are still a few challenges in performing intra-frequency RSTD measurement without gap. First, there could be MPDCCH/PDSCH narrowband hopping within PRS occasion. With narrowband hopping, FeMTC UE cannot benefit from potential coherent averaging of PRS across adjacent PRS subframes. Lack of coherent averaging will deteriorate measurement performance in deep coverage. Also, for HD-FDD FeMTC UE, frequent switching between DL reception and UL transmission will reduce the opportunity for RSTD measurement during PRS occasion. Unless eNB scheduler carefully avoids such conflict, UE may end up with missing many PRS SFs to comply with UL transmission for ongoing DL/UL data transmission. 
Observation 3: Even with full PRB PRS configuration, RSTD measurement of FeMTC UE is affected if there is no measurement gap. 
· Narrowband hopping for MPDCCH/PDSCH could prevent coherent averaging of PRS within PRS occasion. 

· HD-FDD FeMTC UE may miss many PRS SFs to comply with UL transmission for ongoing DL/UL data transmission. 
Proposal 2: RAN4 should agree that FeMTC UE needs measurement gap for intra-frequency RSTD measurement. 

3. Conclusion 
In this contribution, we provided our view on the need for measurement gap for intra-frequency RSTD measurement of FeMTC UE. Our observations and conclusions are

Observation 1: Full PRB PRS configuration on large number of NPRS SF to support RSTD measurement of FeMTC UE incurs too much PRS overhead. RAN1 introduced a new PRS design called multiple PRS configuration to support RSTD measurement of FeMTC UE while avoiding too much PRS overhead. 
Observation 2: If network configures narrowband PRS for RSTD measurement of FeMTC UE, UE should rely on measurement gap for intra-frequency RSTD measurement. 

Observation 3: Even with full PRB PRS configuration, RSTD measurement of FeMTC UE is affected if there is no measurement gap. 

· Narrowband hopping for MPDCCH/PDSCH could prevent coherent averaging of PRS within PRS occasion. 

· HD-FDD FeMTC UE may miss many PRS SFs to comply with UL transmission for ongoing DL/UL data transmission. 

Proposal 1: If RAN4 assumes full PRB PRS configuration for FeMTC UE, there should be enough justification for such configuration in terms of RSTD measurement performance and PRS overhead. 

Proposal 2: RAN4 should agree that FeMTC UE needs measurement gap for intra-frequency RSTD measurement. 
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