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1. Introduction

In this contribution we briefly summarize the latest progress in RAN1 in R15 NB-IoT, as well as the potential RRM impact. After discussion, some observations and proposals are provided.
2. Agreements in RAN1 and potential RRM impacts
Progress in RAN1 can be categorized into following aspects:
· Power consumption reduction for paging and connected-mode DRX

· Data early transmission

· Reduced system acquisition time

· TDD operation

In the rest of this section, RAN1 agreements and working assumptions on above aspects are listed, followed by the analysis on RRM impact.

1) Power consumption reduction for paging and connected-mode DRX

	Agreements:

· Working assumption: WUS/DTX is adopted for the power saving  signal for IDLE mode paging;

· The UE is configured with a transmission duration of WUS by higher layers

· The WUS signal may be decoded with or without relying on prior synchronization

· Whether the UE needs to acquire (further) synchronization using NPSS/NSSS to decode the NPDCCH following the WUS is FFS
· The power saving of using existing synchronization signal to achieve sync and using WUS for synchronization should be compared.
· For RAN#78 timeline, RAN4 can assume the UE is synchronized prior to the WUS
· After RAN#78, RAN1 and RAN4 will conduct additional work to allow the assumption that the UE is not synchronized prior to the WUS (with the same WUS signal design) for 144 dB MCL; and will study to allow the assumption that the UE is not synchronized prior to the WUS (with the same WUS signal design) for 154, 164 dB MCL
· Status of work on ‘Relaxed monitoring for cell reselection’ in RAN2/4 should be considered

	Agreements:

· RAN1 assumes that introduction of WUS does not alter PO/PF definition

· At least in a UE’s DRX cycle:

· WUS supports at least being applied to all the UEs monitoring WUS associated to a PO in a cell NB-IoT carrier;

· FFS: eNB can configure WUS being applied to a group of more than one of the UEs associated to a PO in a cell NB-IoT carrier
· Send LS to request RAN2 input on feasibility of UE groups for WUS. (Xiaolei, HiSilicon, prepare draft LS in R1-1719102)

	Working assumption:

· At least in a UE’s DRX cycle, how the UE knows the WUS time location, is:

· A WUS has a time location which is configurable with respect to the associated PO(s) location(s)

	Agreements: 

· At least in a UE’s DRX cycle, one WUS informs UE whether to monitor the PO in a single DRX cycle 

· Include in the LS to RAN2, to request input on the feasibility of WUS applying to more than one PO in a PTW for eDRX case 

	Agreements:

· WUS signal is at least cell-specific;

· FFS scrambling of WUS including time varying scrambling

· Long ZC sequence based signal is considered as the starting point for WUS signal:

· FFS: whether the sequence can span over multiple subframes

· FFS: whether accumulated multiplication is applied between sub-sequences from the long ZC sequence to reduce the impact of frequency error;

· FFS: Support transmit diversity for NB-IoT WUS 

· FFS: NSSS like signal is used as the wake-up signal


So far RAN1 discussion related to this topic mainly focuses on UE IDLE mode. One possible functionality of WUS is for UE to acquire the cell synchronization. As can be seen in above agreement that the configuration of WUS would be indicated by higher layers, which means before UE accesses the network, UE would have no idea about the WUS configuration. On the other hand, most likely the transmission of WUS would be bundled with paging occasion, which is also configurable. These would make WUS unsuitable for initial access, e.g. in cell reselection procedure. This is in line with the motivation of WUS, i.e. enabling UE power saving in paging reception.
WUS is cell specific according to RAN1 agreement. WUS may appear in different time location in different neighbour cells. Without WUS configuration of neighbour cell, UE will not be able to do the measurement based on WUS, unless indicated by serving cell, which is not likely to be supported. 
Based on above discussion, we observe:

Observation 1: no RRM impact can be foreseen from WUS
2) Data early transmission
	Agreements:

· From RAN1 point of view, it is feasible to support early UL data transmission in Msg3 from an NB-IoT UE using some TBS value(s) from the TBS range specified for NB-IoT in Rel-13 with a maximum total TBS of 1000 bits.

· FFS if and how there will also be a larger supported maximum total TBS

· The detailed value(s) should consider the payload size of early data packets from RAN2.

· From RAN1 perspective, the physical layer design will assume eNB is not required to always provide a grant of a larger TBS for Msg3 and can decide to just provide a grant for 88 bits instead

· Send LS to RAN2 informing the above (Xiaolei, HiSilicon, R1-1719100) (including eMTC agreements)


Early UL data transmission in Msg3 might be supported. However, since this would not change the random access procedure, no RRM impact is expected.

Observation 2: no RRM impact from data early transmission can be expected.
3) Reduced system acquisition time

	Agreements:

· SIB1-NB can be additionally transmitted in subframe(s) other than Rel.13 existing SIB1-NB transmission subframes on the anchor-carrier.

· Additional SIB1-NBs are transmitted on subframe #3

· The periodicity of additional SIB1-NB transmissions is 20 ms and in the same radio frame as legacy transmission

· FFS the supported number(s) of additional transmissions of SIB1-NB

· There is no signalling of the number of additional SIB1-NB transmissions

· The TBS, coding, and modulation of additional SIB1-NB repetitions are the same as the existing ones for Rel.13 SIB1-NB

· FFS scrambling

· FFS: The sequence of coded bits-to-subframe allocation of additional SIB1-NB transmission can be interleaved compared to the existing SIB1-NB transmission

· When additional SIB1-NBs are transmitted, the subframe(s) carrying additional SIB1-NB(s) can be declared as invalid downlink subframe by downlinkBitmap

· Rel.15 UEs interpret invalid downlink subframes whose indices are corresponding to additional SIB1-NBs transmissions but not carrying additional SIB1-NB (and NSSS) as valid downlink subframes

· Additional SIB1-NB transmission can be configured by eNB, and the presence of additional SIB1-NB can be indicated by one of unused bits in MIB-NB

· FFS if additional SIB1-NB transmissions are also supported on non-anchor carriers


It has been agreed that the additional SIB1-NBs are transmitted on subframe #3 in the same radio frame as legacy transmission, if configured (indicated in MIB-NB). Thus a Rel-15 NB-IoT UE can aware the additional transmission of SIB1. It can be expected that the SIB1 acquisition delay would be shortened. Corresponding RRM requirement is on system information acquisition delay, i.e. TSI, in cell reselection and RRC re-establishment procedure. However, the term “TSI” is generally used in the core requirements. So the impact would be reflected in the associated test cases, which can be evaluated after RAN1 completes the design.
Observation 3: TSI will be shortened with additional transmission of SIB1-NB. The impact can be reflected in RRM test cases without changing corresponding core requirements.
4) TDD operation
	Downlink aspects

	Agreement: 

· TDD UL:DL configuration 0 is not supported in TDD NB-IoT in Rel-15
Working assumption:

· TDD UL:DL configuration 6 is not supported in TDD NB-IoT in Rel-15

Agreements

· MIB-NB is transmitted on the same NB-IoT carrier as NPSS/NSSS.
· The single NB-IoT carrier for all the other SIBs than SIB1-NB, when not the anchor carrier, is:

· In a PRB indicated by SIB1-NB with exact signaling design left to RAN2 including whether to signal anything in case these other SIBs are on the anchor carrier

Agreements:

· It is supported that SIB1-NB is transmitted only on the anchor carrier

· In at least subframe #0 in odd frames

· It is supported that SIB1-NB can be transmitted on non-anchor carrier, FFS details

· It is necessary to consider SFN wraparound as part of FFS

· Periodicity of SIB1-NB in TDD is the same as FDD (i.e. 2560ms)

· One transport block of SIB1-NB is transmitted over 8 SIB1-NB subframes (i.e. same as FDD)

	Agreements:

· For NPSS, NSSS and NPBCH transmission in TDD:

· NPSS is transmitted on subframe #5 in every radio frame

· NSSS is transmitted on subframe #0 in every even-numbered radio frame

· NPBCH is in subframe 9 in every radio frame on the same carrier as NPSS/NSSS.

	Agreements:

· Confirm the working assumptions from RAN1#90, i.e. NPSS uses the lower 11 subcarriers in one subframe and the same cover code for TDD as FDD.

· The NPSS and NSSS sequences for TDD are the same as FDD.

· TDD and FDD NB-IoT are distinguished by the relative location of NPSS and NSSS.
Working assumption to be automatically confirmed if RAN4 reply LS to R1-1715304 does not raise a problem:
· TDD NB-IoT will support all LTE special subframe configurations



	Uplink aspects

	Agreements:

· NPUSCH transmissions with 15 kHz subcarrier spacing are supported in all supported UL/DL configurations for NB-IoT TDD.

· 3.75 kHz is also supported, in UL/DL configurations #1, [#3], #4, with the same definition of NB-slot and resource unit as FDD

· FFS if there any need for any other subcarrier spacing and/or slot structure for TDD

· This needs to take into consideration the co-existence of NPRACH and NPUSCH.

	Agreements:

· TDD NPRACH supports at least 3.75KHz subcarrier spacing single-tone with frequency hopping.

· FFS if also 5 kHz subcarrier spacing is supported e.g. for UL-DL configuration #2

· NPRACH formats using G symbol groups with back-to-back transmission followed by a guard time (FFS guard time duration) are supported for 1, 2, and 3 contiguous uplink subframes

· An NPRACH format is associated with one value of N (the number of symbols per symbol group) and CP duration

· G is FFS, and G≥2

· P (number of symbol groups in a preamble) is even.

· For the G symbols groups that are transmitted back-to-back with 3.75 kHz subcarrier spacing, 3.75 kHz and 22.5 kHz hopping distances are supported.

· FFS the details of the hopping pattern

· FFS the hopping distance and pattern if 5 kHz subcarrier spacing is supported

· For the hopping between discontinuous transmissions within one preamble

· FFS hopping distance and hopping pattern

· Cell specific pseudo-random hopping is used between NPRACH preamble repetitions

· FFS details


TDD design is not yet completed. The progress in last RAN1 #90bis can be found above. Some of them are related to RRM work, e.g. designs of synchronization signals, MIB, SIB1 and etc.
For synchronization, it has been agreed that NPSS is transmitted on subframe #5 in every radio frame and NSSS is transmitted on subframe #0 in every even-numbered radio frame. It can be observed that the density of NPSS and NSSS in time domain is the same as that of FDD system. On the other hand, the working assumptions in RAN1 #90 was confirmed, i.e. NPSS uses the lower 11 subcarriers in one subframe and the same cover code for TDD as FDD. Besides, The NPSS and NSSS sequences for TDD are the same as FDD. Therefore, it can be foreseen that the synchronization performance using NPSS and NSSS in TDD could be comparable to that of FDD. Most likely, related RRM requirements, i.e. cell identification delay in cell reselection and RRC re-establishment procedure, will not need to be updated. 
Observation 4: synchronization performance based on NPSS and NSSS in TDD could be comparable to that of FDD. Related existing cell identification requirements in cell reselection and RRC re-establishment procedure may be reused.
On NPBCH, it was agreed that NPBCH is in subframe 9 in every radio frame on the same carrier as NPSS/NSSS. The density is also the same as FDD. Regarding SIB1, the periodicity is the same as FDD (i.e. 2560ms), and one transport block of SIB1-NB is transmitted over 8 SIB1-NB subframes (i.e. same as FDD). Thus comparable performance can be foreseen. As for measurement, RAN4 discussion is pending more RAN1 agreement on NRS. 
3. Conclusions
In this contribution we summarize the latest RAN1 agreements on FeNB-IoT in last RAN1 #90bis and provide analysis on the potential RRM impact accordingly. After discussion, the following observations are provided:
Observation 1: no RRM impact can be foreseen from WUS
Observation 2: no RRM impact from data early transmission can be expected.
Observation 3: TSI will be shortened with additional transmission of SIB1-NB. The impact can be reflected in RRM test cases without changing corresponding core requirements.
Observation 4: synchronization performance based on NPSS and NSSS in TDD could be comparable to that of FDD. Related existing cell identification requirements in cell reselection and RRC re-establishment procedure may be reused.
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