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1 Introduction

The WID of further NB-IoT enhancements was approved in RAN#75. In which, the following objective is included:

C. Work on the following objectives to commence from RAN#78. This is not affected by the work to complete running CRs/draft CRs for A-1 and A-5.

Enhancements to standalone operation mode

· Signalling and requirements to support (a) standalone anchor with in-band/guard-band non-anchor and (b) standalone non-anchor with in-band/guard-band anchor carrier, without increasing the 20 MHz separation from Rel-13 [RAN2, RAN4]
In this paper, we will discuss the related issues and potential solutions.

2 Discussion

Based on the following description in the current specification [1], only the following two type of multi-carrier combinations in NB-IoT cell are valid:

· The cell comprising in-band and/or guard-band carrier(s) with the constraint that all carriers associated with the same LTE cell.
· The cell comprising standalone carrier(s) with the constraint that the total frequency span not exceed 20MHz and both anchor and non-anchor carriers synchronised.
	TS 36.300

5.5a
Multi-carrier operation for NB-IoT

For NB-IoT, multi-carrier operation is supported.

The UE in RRC_CONNECTED can be configured, via UE-specific RRC signaling, to a non-anchor carrier, for all unicast transmissions. The UE in RRC_IDLE, based on broadcast/multicast signaling, can use a non-anchor carrier for SC-PTM reception. The UE in RRC_IDLE can, based on broadcast signaling, use a non-anchor carrier for paging reception. The UE in RRC_IDLE or RRC_CONNECTED, based on broadcast signaling, can use a non-anchor carrier for random access. If the non-anchor carrier is not configured for the UE, all transmissions occur on the anchor carrier. The valid anchor and non-anchor carrier combinations are provided in Table 5.5a-1.

Table 5.5a-1: Anchor and non-anchor carrier deployment combinations

Anchor Carrier

In-band

Guard-band

Standalone

Non-Anchor Carrier

In-band

Valid (Note 1)
Valid (Note 1)
Invalid

Guard-band

Valid (Note 1)

Valid (Note 1)

Invalid

Standalone

Invalid

Invalid

Valid (Note 2)

NOTE 1:
Both carriers associated with the same LTE cell.

NOTE 2:  Total frequency span to not exceed 20MHz and both anchor and non-anchor carriers synchronised


According to the above description, it can be seen that in order to support the new kinds of multi-carrier combinations including standalone carrier, such as (a) standalone anchor carrier with in-band/guard-band non-anchor carrier or (b) standalone non-anchor carrier with in-band/guard-band anchor carrier, the first main issue is how to specify the frequency span and the frequency synchronization requirements.

#Issue 1: frequency span requirements
In the current specification, “Total frequency span to not exceed 20MHz” is used as the frequency span constraint for all the carriers in a same cell which contains standalone carrier(s). Taken into account the same channel fading for carriers in the cell which only contains standalone carrier(s) and in the cell which contains both standalone carrier and in-band/guard-band carrier, 20Mhz frequency span constraint for the carriers in a same cell still can be used for the cell after introduction of the new multi-carrier combinations. 
Taken into account that the frequency span constraint can guarantee the same channel fading characteristics between the anchor carrier and the non-anchor carrier in a cell, the measurement results in the anchor carrier can also be used for non-anchor carrier after introduction of the new multi-carrier combinations. That means no additional measurement is needed.
Observation 1: 20Mhz frequency span constraint for the carriers in a same cell still can be used for the carriers in the cell which contains both standalone carrier and in-band/guard-band carrier. 
Considering that the actual frequency span between standalone carrier and in-band/guard-band carrier may be larger than 20Mhz, e.g., as shown in Figure 1, some in-band/guard-band carriers lie in two adjacent LTE carriers and the standalone anchor carrier lies between the adjacent LTE carriers, the maximum frequency span between any of two carriers may be larger than 20Mhz. We think a relaxed frequency span constraint for only restricting the gap between anchor carrier and non-anchor carrier, such as “The frequency span between the anchor and non-anchor carrier to not exceed 20MHz”, may be enough. There has no need to give restriction for the frequency span among all the carrier. With such frequency span constraint the frequency characteristics still can be satisfied and we can get more flexibility for cell layout (e.g. regardless of the frequency range of all carriers, as long as the frequency span between the anchor and non-anchor carrier is less than 20MHz, the cell is valid, as shown in figure 1).
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Figure 1

We think the relaxed frequency span constraint of “The frequency span between the anchor and non-anchor carrier to not exceed 20MHz” can also be used for the cell which contains only standalone carrier(s) without any compatibility issue.

Proposal 1: “The frequency span between the anchor and non-anchor carrier to not exceed 20MHz”, instead of “Total frequency span to not exceed 20MHz”, would be used as the frequency span constraint for the cell which contains standalone carrier.
#Issue 2:  frequency synchronization requirements
Now we have the requirements about synchronization between anchor and non-anchor carriers in TS 36.300. The main purpose of such requirement is to guarantee that UE can keep synchronization with all the carriers in a cell once it is synchronized with one of the carriers. However, we find in the previous RAN1 agreements [2], the synchronization requirements for a cell containing only standalone carrier(s) is that “…both NB-IoT carriers are synchronized and the time alignment error shall not exceed the minimum requirement for intra-band contiguous carrier aggregation in TS 36.104”, we think such agreements are not correctly captured in the specification TS 36.300.
	Agreement: 

· Standalone+standalone should be allowed for NB-IoT multi-carrier operation with the constraint that the total frequency span cannot exceed 20MHz and both NB-IoT carriers are synchronized, i.e., the time alignment error shall not exceed the minimum requirement for intra-band contiguous carrier aggregation in TS 36.104.


We think such agreements about the synchronization requirements for the cell which contains only standalone carrier(s) can also be reused for the cell which contains both standalone carrier and in-band/guard-band carrier.
Proposal 2: The RAN1 agreement “all NB-IoT carriers are synchronized” as the synchronization requirements for the cell containing only standalone carrier(s) can be reused for the cell containing both standalone carrier and in-band/guard-band carrier.
Proposal 3: The synchronization requirements of “the time alignment error shall not exceed the minimum requirement for intra-band contiguous carrier aggregation in TS 36.104” should be additionally captured in specification TS 36.300.

#Issue 3: DL repetition number for the dedicated carrier in the new multi-carrier combinations 
In the current specification, a NB-IoT UE measures NRSRP on the anchor carrier, and determines the enhanced coverage level based on the measured NRSRP and the configured threshold rsrp-ThresholdsPrachInfoList. UE can select random access resource based on the determined enhanced coverage level for random access procedure. The eNB can get the enhanced coverage level information based on the random access resource on which the preamble is transmitted and further configure the downlink repetition number (e.g. npdcch-NumRepetitions)for the dedicated anchor or non-anchor carrier.  

A NB-IoT UE acquires measurement results of NRSRP based on the received NRS power. Taken into account that the NRS transmission power of standalone carrier has no relationship with the LTE cell and the NRS transmission power of in-band/guard-band carrier is affected by LTE cell, the NRS transmission power of standalone carrier may be much higher than the NRS transmission power of in-band/guard-band carrier. It’s easy to understand that the enhanced coverage level based on the NRSRP measurement for standalone anchor carrier may be too good for other in-band/guard-band non-anchor carrier while the enhanced coverage level based on the NRSRP measurement for in-band/guard-band anchor carrier NRSRP measurement may be too bad for other standalone non-anchor carrier. 
Observation 2: The NRS transmission power of standalone carrier may be much higher than the NRS transmission power of in-band/guard-band carrier. The enhanced coverage level based on the standalone carrier NRSRP measurement may be not suitable for in-band/guard-band carrier, and vice versa. 
In order to avoid these problems, it’s suggested that the UE reports the measured NRSRP to the eNB and eNB could deduce the suitable DL repetition number for the dedicated carrier based on the NRSRP measurement results and the NRS transmission power difference between the dedicated carrier and anchor carrier.  
Taken into account that the DL PDCCH repetition number is configured in Msg4 and DL PDSCH repetition number is scheduled by PDCCH, the NRSRP measurement results should be reported to eNB before Msg4, e.g., in Msg3.
Considering that only in some cases, e.g., the case that standalone carriers and in-band/guard-band carriers are configured for a cell, the NRSRP measurement results would be helpful for eNB, whether the NRSRP measurement results needs to be reported in Msg3 can be controlled by eNB.
Proposal 4: UE should report the measured NRSRP in Msg3 to eNB, which is helpful for eNB to decide the suitable DL repetition number for the dedicated carrier. 
Proposal 4a: Whether the NRSRP measurement results needs to be reported in Msg3 can be controlled by eNB.
3 Conclusion

Based on the analysis in this paper, we have the following observations and proposals:

Observation 1: 20Mhz frequency span constraint for the carriers in a same cell still can be used for the carriers in the cell which contains both standalone carrier and in-band/guard-band carrier.

Observation 2: The NRS transmission power of standalone carrier may be much higher than the NRS transmission power of in-band/guard-band carrier. The enhanced coverage level based on the standalone carrier NRSRP measurement may be not suitable for in-band/guard-band carrier, and vice versa.
Proposal 1: “The frequency span between the anchor and non-anchor carrier to not exceed 20MHz”, instead of “Total frequency span to not exceed 20MHz”, would be used as the frequency span constraint for the cell which contains standalone carrier.
Proposal 2: The RAN1 agreement “all NB-IoT carriers are synchronized” as the synchronization requirements for the cell containing only standalone carrier(s) can be reused for the cell containing both standalone carrier and in-band/guard-band carrier.
Proposal 3: The synchronization requirements of “the time alignment error shall not exceed the minimum requirement for intra-band contiguous carrier aggregation in TS 36.104” should be additionally captured in specification TS 36.300.
Proposal 4: UE should report the measured NRSRP in Msg3 to eNB, which is helpful for eNB to decide the suitable DL repetition number for the dedicated carrier. 
Proposal 4a: Whether the NRSRP measurement results needs to be reported in Msg3 can be controlled by eNB.
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