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Introduction
In RAN plenary meeting #82, WID for additional enhancement to NB-IoT was approved with the following objectives that requires RAN4 engagement [1]: 
Improved DL transmission efficiency and/or UE power consumption:
· [bookmark: _Hlk515907437]Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]

[bookmark: _Hlk515906322]Improved UL transmission efficiency and/or UE power consumption:
· Specify support for transmission in preconfigured resources in idle and/or connected mode based on SC-FDMA waveform for UEs with a valid timing advance[RAN1, RAN2, RAN4]
· Both shared resources and dedicated resources can be discussed
· Note: This is limited to orthogonal (multi) access schemes

Improved multi-carrier operation:
· Specify support of Msg3 quality reporting for non-anchor access [RAN1, RAN2]
· Specify signalling to indicate on a non-anchor carrier for paging a set of subframes which will contain NRS even when no paging NPDCCH is transmitted [RAN1, RAN2, RAN4] 

[bookmark: _Hlk516692042]Coexistence with NR
· [bookmark: _Hlk516784255]Study NR and LTE specifications to identify possible issues related to coexistence of FDD/TDD NB-IoT with NR [RAN4, RAN1, RAN2]



It is noted that support of Msg3 quality reporting for non-anchor access does not seem to indicate RAN4 involvement but in our opinion, it should. NB-IoT coexistence with NR is mostly an RF-based discussion and hence not addressed here.
In this paper, we present a high-level discussion on these topics.
Improved DL transmission efficiency and/or UE power consumption
In R16 NB-IoT, a new NWUS sequence known as UE-group NWUS will be introduced. A group of UEs will be associated with a UE-group NWUS. When one or more UEs in a group is paged, the associated UE-group NWUS will be transmitted before the paging occasion waking up all the UEs in the group. This is in contrast to legacy R15 NWUS which wakes up all UEs configured to monitor it. This improves power consumption for UEs supporting R16 NWUS. 
Design aspects of UE-group NWUS is still under consideration in RAN1. However, the following agreements have been made [2-5]:
· UE-group NWUS is supported based on eNB’s and UE’s capability.
· Whether the network supports UE-group NWUS is done by higher layer signaling.
· UE-group NWUS is based on at least UE ID or some function of UE ID.
· The legacy UE should not be prevented from using legacy WUS in case of R16 group-based NWUS is enabled.
· Configuration of UE-group NWUS is at least signaled in SIB.
· UE capable of R16 UE-group NWUS shall also be capable of R15 legacy NWUS.
· UE-group NWUS uses the same gap configuration as R15 legacy NWUS except for differences from possible TDM. No new gap higher signaling will be introduced for TDM. 

UE-group NWUS multiplexing with legacy NWUS is still under discussion in RAN1 and candidates are shown in Figure 1. Legacy NWUS is shown in (a) for reference. In (b), UE-group and legacy NWUS are TDM multiplexed. The NWUS monitored by legacy UEs is not impacted by NWUS UE grouping in different TDM resources. The UE-group NWUS is configured by using different starting subframes, separated by the max NWUS duration, L. The total reserved time required for TDMed NWUS is G*L where G is the number of groups..There is no power sharing of different NWUS. But smaller G and/or shorter duration of L may be needed to limit the overhead and delay. 
In Figure 1-(c), single-sequence CDM does not allow transmission of more than one NWUS simultaneously. The legacy NWUS acts as a common NWUS to be sent when legacy UE or any new UEs in more than one group have paging in the associated PO. The UE-group NWUS (i.e., not the common one) will only be selected if there is paging for a single group. Single-sequence CDM does not suffer from power sharing or additional overhead/latency. However, the main disadvantage is that it sacrifices the power-saving gain. The legacy NWUS will wake up all UEs monitoring it. The paging of new UEs also adversely impacts the legacy UE power-saving. It is contradictory to the motivation of introducing UE-group NWUS. Therefore, single-sequence CDM is worse than TDM, FDM or multi-sequence CDM from the power saving perspective.
In Figure 1-(d), the new UEs may be divided into two groups, configured with orthogonal TDM’ed resources. If further subgrouping is needed, the single-sequence CDM can be used for different WUS sequences of each group. A portion of new UEs together with legacy UE will use the resources for legacy NWUS, which acts as a common NWUS, which will be sent when legacy UE or any new UEs in more than one subgroup have paging in the associated PO. 
[image: ]
Figure 1 Multiplexing schemes of UE-group NWUS and legacy NWUS

Regardless of multiplexing scheme, it is evident that a R16 UE needs to monitor at least two types of NWUS:
· Legacy NWUS also known as common NWUS
· UE-group NWUS

If the resources for legacy NWUS and UE-group NWUS are not TDM’ed (e.g., single-code sequence CDM as in Figure 1-(c) or (d)), there may be an impact on probability of false alarm (PFA) and/or probability of miss-detection (Pmis) when UE has to monitor legacy NWUS or both legacy and UE-group NWUS.
Observation 1. R16 UE needs to monitor at least two types of NWUS: legacy (or common) NWUS and UE-group NWUS. Depending on their multiplexing scheme, there may be an impact on PFA and/or Pmis when UE has to monitor common or both common and UE-group based NWUS.
Currently, there are two types of requirements in 36.133 related to NWUS:
1. NWUS reception which indicates the minimum number of repetitions (subframes) for NWUS in normal and enhanced coverage for 1Tx and 2Tx in different DRX cycles
2. Measurement and evaluation of serving cell when relaxed monitoring criteria is met and UE is configured with NWUS

For R16, it is necessary to define these requirements for UE-group NWUS. 
Proposal 1. For R16, at least similar requirements (NWUS minimum number of repetitions and measurement/evaluation of serving cell in relaxed monitoring state) need to be defined for UE-group NWUS. 

Improved UL transmission efficiency and/or UE power consumption
Preconfigured uplink resources (PUR) for grant-free transmission of data is being discussed in RAN1 as a method for improving UL transmission efficiency and/or UE power consumption. So far, the effort has been on idle mode only. Different modes of resource allocation in PUR is under consideration:
· Dedicated PUR: NPUSCH resource in time-frequency used by a single UE; contention-free
· Contention-free shared (CFS) PUR: NPUSCH resource in time-frequency simultaneously used by more than one UE; contention-free
· Contention-based shared (CBS) PUR: NPUSCH resource in time-frequency simultaneously used by more than one UE; may require contention resolution

The agreements so far are [12]:
· In idle mode, only one HARQ process is supported for dedicated PUR
· For dedicated PUR in idle mode, UL grant for HARQ retransmission is transmitted in search space
· For dedicated PUR in idle mode, the UE may skip UL transmissions.
· In idle mode, at least the following TA validation attributes are supported:
· Serving cell changes (serving cell refers the cell that the UE is camping on)
· Time Alignment Timer for idle mode 
· Serving cell NRSRP changes (serving cell refers the cell that the UE is camping on)
· Based on NRSRP measurement definition in existing Rel-15 TS36.214
· The UE can be configured to use at least these TA validation attributes:
· Time Alignment Timer for idle mode 
· Serving cell NRSRP changes 
· Note: the configuration shall support disabling of the TA validation attributes

In our view, RAN4 should define how serving cell NRSRP changes would invalidate TA. In defining the serving cell NRSRP changes, comparison of the absolute value with a threshold or comparison of change/difference with a threshold can be adopted. The advantage of the later is that it removes any persistent bias in NRSRP measurement. Intra-frequency NRSRP measurement accuracy requirements are defined in Section 9.1.22 of 36.133 where absolute accuracy requirements are defined for normal and enhanced coverage in normal and extreme conditions. If serving cell NRSRP change is decided to be defined in absolute terms, the requirements in Section 9.1.22 can be used as a starting point. However, with differential (relative) NRSRP measurement, the requirements may be tightened.
Observation 2. In idle mode, serving cell NRSRP change is supported as an attribute for TA validation. Serving cell NRSRP change can be measured in absolute or relative manner. The advantage of differential (relative) NRSRP measurement is removal of persistent bias in measurement accuracy. 
Proposal 2. Serving cell differential (relative) NRSRP change to be used for TA validation. Existing requirements in Section 9.1.22 of 36.133 for intra-frequency absolute measurement accuracy may be used as a starting point.  
Improved multi-carrier operation
Support of MSG3 quality reporting for non-anchor access:
Currently, MSG3 based quality reporting is supported for anchor carrier in NB-IoT. R16 extends this reporting to non-anchor carrier. The agreements so far are [9-11]:
· For channel quality report in Msg3 on non-anchor access, the channel quality definition is denoted by the number of repetitions that the UE needs to decode hypothetical NPDCCH with BLER of 1%
· For channel quality report in Msg3 on non-anchor access, UE performs the channel quality measurement on the carrier it monitors to receive Msg2 (i.e. RAR) (working assumption)
· For non-anchor access, RAN1 further studies how UEs report the measured channel quality.
· RAN1 does not define search space for hypothetical NPDCCH for channel quality report in Msg3 on non-anchor access.
· From RAN1 point of view, specification support for measurement period for non-anchor access in RAN1 specifications is not needed
· RAN1 does not define measurement reference resource for non-anchor access.
· In case 4 bits is used for a non-anchor carrier, all repetition i.e. 12 candidate values {1,2,4,8,16,32,64,128,256,512,1024,2048} can be reported in Msg3.

The current requirements in 36.133 for MSG3 quality reporting appears in Sections 6.6.2.6, 9.1.22.15, and 9.1.22.16. The anchor carrier DL channel quality report is based on minimum NPDCCH repetition level to satisfy the hypothetical NPDCCH BLER of 1% with parameters defined in Section 6.6.2. For anchor carrier, the channel quality is measured in the period T1 or T2 in the carrier where the RAR is transmitted, where
-	T1 is the period before NPRACH transmission used for NRSRP measurement for enhanced coverage level estimation
-	T2 is the period from the beginning of the random access response to the beginning of PUSCH format 1 for DL channel quality reporting.
In quality reporting for non-anchor carrier, the period T1 is no longer applicable. Also, per RAN1 agreement, quality reporting is based on the carrier it monitors to receive RAR. 
Observation 3.  In quality reporting for non-anchor carrier, the period T1 (as defined in Section 6.6.2.6 of 36.133) is no longer applicable. Also, per RAN1 agreement, quality reporting is based on the carrier it monitors to receive RAR. 
Two tables CQI-NPDCCH-NB and CQI-NPDCCH-Short-NB are defined in Section 9.1.22.15. Depending on the outcome of RAN1/RAN2, these tables need to either include or be replicated for non-anchor carrier. 
Measurement accuracy requirements for DL channel quality is outlined in Section 9.1.22.16 and should similarly be revised to include non-anchor carrier.
Proposal 3. For MSG3 quality reporting on non-anchor carrier:
· Section 6.6.2.6 should be modified to include MSG3-based quality report for non-anchor carrier and at least exclude period T1.
· Section 9.1.22.15 should be modified to include tables for CQI-NPDCCH (in both formats) for non-anchor carrier depending on the outcome of RAN1/RAN2 discussion. 
· Section 9.1.22.16 should be revised to include measurement accuracy requirements for non-anchor access 


NRS on non-anchor carrier even when no paging NPDCCH is transmitted:
In R15, UE may assume NRSs are transmitted in the NPDCCH candidate when UE is configured by higher layers to decode NPDCCH. In other words, NRSs are only present if UE is supposed to receive a page. In R16, NRSs may be assumed to be present even when no paging NPDCCH is transmitted. The main motivation for this feature is power savings in idle mode. The agreements so far are [6]:
· Subframes which will contain NRS even when no paging NPDCCH is transmitted are associated to a PO.
· NRS is present in the first M subframes out of the 10 NB-IoT DL subframes before the PO, and the N first NB-IoT DL subframes of NPDCCH search space
· FFS value(s) of N, M
· The POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted are a subset of POs from network perspective. The subset of POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted can be the whole set of POs.
· The presence of NRS on subframes which will contain NRS even when no paging NPDCCH is transmitted is enabled by SIB.

The number of subframes that include NRS preceding a PO and in the beginning of NPDCCH search space is to be decided by RAN1. How to decimate the PO’s with NRS is also another subject that is yet to be finalized. UE is to estimate the SNR based on NRS and early terminate NPDCCH decoding if conditions are favourable. In the absence of a reliable SNR estimate, it is not possible for UE to distinguish between a poor channel condition scenario or absence of P-RNTI. Hence, the values of N and M should be carefully chosen to achieve a reliable SNR estimate. 
It is also argued in RAN1 that presence of NRS can help with early detection of WUS. Whether it can results in early detection of WUS with tangible difference is FFS. 
Observation 4. The value of N and M for NRS subframes preceding a PO and during NPDCCH search space, respectively, should be chosen to enable reliable SNR estimation for early termination of NPDCCH (or WUS). 
Further reduction in power consumption can be achieved by performing RRM measurement on non-anchor carrier using NRS subframes.  When UE has paging occasion (PO) on non-anchor carrier, it still has to perform measurements on anchor carrier for radio resource management (e.g. to check serving cell suitability, determine if neighbour cell measurements or cell reselection must be performed). Switching between anchor and non-anchor carriers and sequentially performing paging reception and measurements prolongs the UE active state. The end result is that two identical UEs served by the same cell and same coverage level will show different battery life depending on which carrier they monitor for paging.
Sourcing company has done some evaluations when large percentage of measurements are done on the same carrier as that used for paging while a small percentage of measurements done on the anchor carrier and the results are shown in Table 1. There is a need to periodically do search on anchor carrier to maintain frequency accuracy. The results in Table 1 show the following ratio as a percentage:
Relative power consumption = ‘power consumed on non-anchor carrier’/ ‘power consumed on anchor carrier’

[bookmark: _Ref525747184]Table 1 Relative power consumption
	MCL (dB)
	Relative power consumption (%)

	144
	37

	154
	50

	164
	39



The evaluation assumes WUS and DRX cycle of 1.28s. 
Observation 5. Performing most of the measurements on the same carrier as used for paging achieves considerable reduction in power consumption.
Moreover, due to potentially large frequency separation (>20 MHz), the fading and interference on non-anchor carrier can be uncorrelated with those of anchor carrier. UE may measure favourable conditions on anchor carrier but experience poor conditions on non-anchor carrier. Not enabling measurement on non-anchor carrier prevents UE from reselection and can result in missing the pages. 
Observation 6. Due to potentially large frequency separation (>20 MHz) between anchor and non-anchor carriers and uncorrelated fading and interference among them, UE benefits from performing measurement on non-anchor carrier. Otherwise, persistent poor quality on non-anchor carrier prevents it from reselection and can cause missing the pages. 
In previous releases, measurements in non-anchor carrier was not possible since NRS was not guaranteed to be present (NRS is only transmitted when paging is present). The R16 objective of “guaranteed NRS in non-anchor” enables the possibility of performing the measurements in non-anchor. Given the power savings of measurements in same anchor carrier as paging reception, we make the following proposal.
Proposal 4. For the objective of presence of NRS in non-anchor carrier, RAN2 specify the use case of enabling measurements in non-anchor carrier while reducing measurement on anchor carrier.
In [8], more details on the solution to enable this proposal is outlined.
Conclusion
On UE-group NWUS: 
Observation 1. R16 UE needs to monitor at least two types of NWUS: legacy (or common) NWUS and UE-group NWUS. Depending on their multiplexing scheme, there may be an impact on PFA and/or Pmis when UE has to monitor common or both common and UE-group based NWUS.
Proposal 1. For R16, at least similar requirements (NWUS minimum number of repetitions and measurement/evaluation of serving cell in relaxed monitoring state) need to be defined for UE-group NWUS. 
On PUR for grant-free UL transmission:
Observation 2. In idle mode, serving cell NRSRP change is supported as an attribute for TA validation. Serving cell NRSRP change can be measured in absolute or relative manner. The advantage of differential (relative) NRSRP measurement is removal of persistent bias in measurement accuracy. 
Proposal 2. Serving cell differential (relative) NRSRP change to be used for TA validation. Existing requirements in Section 9.1.22 of 36.133 for intra-frequency absolute measurement accuracy may be used as a starting point.  
On MSG3 quality reporting for non-anchor carrier:
Observation 3.  In quality reporting for non-anchor carrier, the period T1 (as defined in Section 6.6.2.6 of 36.133) is no longer applicable. Also, per RAN1 agreement, quality reporting is based on the carrier it monitors to receive RAR. 
Proposal 3. For MSG3 quality reporting on non-anchor carrier:
· Section 6.6.2.6 should be modified to include MSG3-based quality report for non-anchor carrier and at least exclude period T1.
· Section 9.1.22.15 should be modified to include tables for CQI-NPDCCH (in both formats) for non-anchor carrier depending on the outcome of RAN1/RAN2 discussion. 
· Section 9.1.22.16 should be revised to include measurement accuracy requirements for non-anchor access 

On NRS on non-anchor carrier even when on paging NPDCCH is transmitted:
Observation 4. The value of N and M for NRS subframes preceding a PO and during NPDCCH search space, respectively, should be chosen to enable reliable SNR estimation for early termination of NPDCCH (or WUS). 
Observation 5. Performing most of the measurements on the same carrier as used for paging achieves considerable reduction in power consumption.
Observation 6. Due to potentially large frequency separation (>20 MHz) between anchor and non-anchor carriers and uncorrelated fading and interference among them, UE benefits from performing measurement on non-anchor carrier. Otherwise, persistent poor quality on non-anchor carrier prevents it from reselection and can cause missing the pages. 
Proposal 4. For the objective of presence of NRS in non-anchor carrier, RAN2 specify the use case of enabling measurements in non-anchor carrier while reducing measurement on anchor carrier.
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