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1. Introduction
The revised WID for “Further Enhanced MTC for LTE” including OTDOA positioning enhancements [1] has been approved in RAN#73 meeting. The agreed features in following RAN1#86bis and RAN1#87 meetings for OTDOA positioning enhancement in FeMTC Rel-14 include multiple PRS configurations, more PRS subframes per PRS occasion, PRS frequency hopping and UE capability indication enhancement [2][3]. The rest open issues in this topic include [3]
· Finer PRS muting pattern
· FFS: An optional finer muting pattern can be applied to PRS occasions in a legacy PRS period
· The muting of the first PRS occasion in a legacy PRS period follows the existing PRS muting
· PRS frequency hopping      
· Frequency hopping interval: FFS between the two following options:
· Option 1: {1, 2, 4, 8} SFs for FDD and {1, 5, 10, 20} SFs for TDD
· Option 2: one PRS occasion
· FFS: The hopping pattern starts in every radio frame fulfilling SFN mod 8 = 0
· FFS: When frequency hopping is enabled, the UE can assume that the same precoder is used within one frequency hopping interval

In this contribution, we share our views on OTDOA positioning in FeMTC.
2. PRS Frequency Hopping
To support PRS frequency hopping for additional frequency diversity gain in OTDOA positioning of FeMTC, RAN1#87 meeting agreed 2 or 4 bands for such PRS frequency hopping, first band in the center, and individual starting positions indications for the other 1 or 3 bands [3]. The corresponding frequency hopping interval is still in the RAN1 discussion. Since PRS occasion is the granularity for periodic PRS transmission instead of subframe, it is proposed to use PRS occasion interval as the frequency hopping interval.     

Proposal 1: The PRS frequency hopping interval is PRS occasion interval. 

In the legacy LTE network, the PRS bandwidth could be 1.4 MHz, 3 MHz, 5 MHz, 10 MHz, 15 MHz or 20 MHz. When the PRS bandwidth is smaller than the LTE bandwidth, the PRS PRBs will be allocated in the central PRBs. Therefore, considering backward compatibility and resource utilization, it is recommended to configure PRS PRBs in the central PRBs. Since the first band of PRS frequency hopping should be in the central PRBs and moreover there are only 2 or 4 bands within one PRS frequency hopping cycle as mentioned above. We would like to suggest that the PRS frequency hopping pattern starts in the first PRS occasion of one PRS period with the considerations of backward compatibility, resource utilization and implementation complexity.     

Proposal 2: PRS frequency hopping pattern starts in the first PRS occasion of one PRS period. 

In RAN1#87 meeting, it was FFS that if the UE can assume that the same precoder is used within one frequency hopping interval when frequency hopping is enabled. In our understanding, the PRSs are transmitted on one antenna port (i.e. antenna port 6) [4]. Therefore, it is unnecessary to add the description of “The UE can assume same precoder used within one frequency hopping interval if frequency hopping is enabled” in the specifications. 
  
Proposal 3: It is unnecessary to add the description of “The UE can assume same precoder used within one frequency hopping interval if frequency hopping is enabled” in the specifications. 
3. Finer PRS Muting Pattern
The introduction of PRS frequency hopping is for additional frequency diversity gain as mentioned above. Therefore, it is expected that one UE can measure the PRSs from same transmission point in consecutive PRS occasions but in different PRS bands. To support this target, the muting patterns of consecutive PRS occasions in different PRS bands need to be aligned with each other. The easy way is to reuse existing PRS muting pattern configuration for each PRS period so that all PRS subframes within one PRS period have same muting status. 

However, one PRS occasion might have up to 160 PRS subframes and one PRS period might have up to 128 PRS occasions based on the agreement in RAN1#87 meeting [3]. Therefore, it is unnecessary to configure same muting status for all PRS subframes in one PRS period, especially in the case of 1280 PRS subframes in one PRS period, because PRS muting pattern is one important solution for PRS hearability improvement. Therefore, we would like to suggest optional finer PRS muting pattern within one PRS occasion.   

Proposal 4: Optional finer PRS muting pattern for the muting indication within one PRS occasion.  

The finer PRS muting pattern could be indicated by one bitmap, where the length of this bitmap could be {2, 4, 6, 8, 10, 16}. If a bit is set to "0", it indicates that the PRS is muted in the corresponding PRS subframe (numbering from the first PRS subframe in one PRS occasion) in a periodic cycle of length equal to the length of the bitmap, otherwise it indicates unmuted. Considering the backward compatibility, the muting configuration of the first PRS occasion in one PRS period follows the muting configuration of legacy PRS muting pattern.

Proposal 5: The finer PRS muting pattern could be indicated by one bitmap, where
· The bitmap length could be 2, 4, 6, 8, 10 or 16. 
· If a bit is set to "0", it indicates that the PRS is muted in the corresponding PRS subframe (numbering from the first PRS subframe in one PRS occasion) in a periodic cycle of length equal to the length of the bitmap, otherwise it indicates unmuted. 
· The muting configuration of the first PRS occasion in one PRS period follows the muting configuration of legacy PRS muting pattern. 
4. PRS PRB Indication in SIB1-BR
In eMTC Rel-13, the PDSCH and MPDCCH could be transmitted in multiple consecutive subframes for the coverage extension. The number of the repetitions for PDSCH transmission could be configured to 1, 2, 4, 8, 16, 32, 64, 128, 192, 256, 384, 512, 768, 1024, 1536 or 2048, and the number of the repetitions for MPDCCH transmission could be 1, 2, 4, 8, 16, 32, 64, 128 or 256. However, to support OTDOA positioning, one transmission point is not expected to transmit PDSCH and MPDCCH in the PRS PRBs, which are used to transmit PRS by its neighboring transmission points and itself, for PRS hearability improvement. 

Observation 1: One transmission point is not expected to transmit PDSCH and MPDCCH in the PRS PRBs. 


In our understanding, there are three potential solutions below to avoid PDSCH/MPDCCH transmission in the PRS PRBs.
· Solution 1: Selective UE scheduling 
· Solution 2: Drop PDSCH/MPDCCH transmission in PRS PRBs
· Solution 3: Postpone PDSCH/MPDCCH transmission in PRS PRBs

In Solution 1, the network avoids the UE scheduling which might result in the potential PDSCH/MPDCCH transmission in PRS PRBs. Therefore, the performance of partial UEs will be impacted due to limited scheduling opportunities in this solution. Solution 2 utilizes same PDSCH/MPDCCH transmission mechanism for legacy MTC UEs and Rel-14 MTC UEs and consequently reduce network implementation complexity. Solution 3 enables same repetition number for PDSCH/MPDCCH transmissions to Rel-14 MTC UE by postponing these transmissions but cannot be supported by legacy MTC UE, and might result in potential problems for backward compatibility. Therefore, in our view, Solution 2 is the best solution to solve this issue.

Proposal 6: Drop PDSCH/MPDCCH transmission in PRS PRBs. 

To support the feature of dropping PDSCH/MPDCCH transmission in PRS PRBs, one potential solution is to inform UE of PRS PRBs by existing valid subframe configuration in SIB1-BR. However, the length of valid subframe pattern is 10ms or 40ms, while the periodicity of PRS occasions might be up to 1280ms, the number of PRS subframes per PRS occasion could be up to 160 and moreover the PRS bandwidth might be lower than the bandwidth of the transmission point. There might be serous resource waste if using existing valid subframe pattern to indicate PRS PRBs as invalid subframes. Therefore, the optional configuration information for PRS PRB indication in SIB1-BR would be preferred.  

Proposal 7: Optional PRS PRB information in SIB1-BR for PRS PRB indication.

Proposal 8: One FeMTC UE is not expected to monitor MPDCCH and/or decode PDSCH in PRS PRBs indicated by SIB1-BR.  

In the RAN1#87 meeting, it was agreed that one cell can be configured with multiple PRS configurations and each PRS configuration includes it individual PRS bandwidth, PRS configuration index, the number of PRS subframe per occasion, PRS muting pattern and new optional parameters. So, it is proposed that the PRS PRB configuration information in SIB1-BR could include one or more PRS configurations, and each PRS configuration include one PRS bandwidth, one PRS configuration index, one PRS subframe number, and one optional PRS frequency hopping information, which includes one band number and corresponding band indication.

Proposal 9: The PRS PRB information in SIB1-BR could include one or more PRS configurations. Each PRS configuration include one PRS bandwidth, one PRS configuration index, one PRS subframe number, and one optional PRS frequency hopping information, which includes one band number and corresponding band indication.
5. Conclusions
In this contribution, we give our views on OTDOA positioning in FeMTC with the following observations and proposals:
Proposal 1: The PRS frequency hopping interval is PRS occasion interval.
Proposal 2: PRS frequency hopping pattern starts in the first PRS occasion of one PRS period.
Proposal 3: It is unnecessary to add the description of “The UE can assume same precoder used within one frequency hopping interval if frequency hopping is enabled” in the specifications.
Proposal 4: Optional finer PRS muting pattern for the muting indication within one PRS occasion.
Proposal 5: The finer PRS muting pattern could be indicated by one bitmap, where
· The bitmap length could be 2, 4, 6, 10 or 16. 
· If a bit is set to "0", it indicates that the PRS is muted in the corresponding PRS subframe (numbering from the first PRS subframe in one PRS occasion) in a periodic cycle of length equal to the length of the bitmap, otherwise it indicates unmuted. 
· The muting configuration of the first PRS occasion in one PRS period follows the muting configuration of legacy PRS muting pattern.

Observation 1: One transmission point is not expected to transmit PDSCH and MPDCCH in the PRS PRBs. 
Proposal 6: Drop PDSCH/MPDCCH transmission in PRS PRBs.
Proposal 7: Optional PRS PRB information in SIB1-BR for PRS PRB indication.
Proposal 8: One FeMTC UE is not expected to monitor MPDCCH and/or decode PDSCH in PRS PRBs indicated by SIB1-BR.    
Proposal 9: The PRS PRB information in SIB1-BR could include one or more PRS configurations. Each PRS configuration include one PRS bandwidth, one PRS configuration index, one PRS subframe number, and one optional PRS frequency hopping information, which include one band number and corresponding band indication.
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