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1 Background
The new work item named NarrowBand IOT (NB-IoT), see [1] and [2], has the objective to specify a radio access for cellular internet of things that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimized) network architecture. NB-IoT should support 3 different modes of operation “Stand-alone operation”, “Guard-band operation” and “In-band operation”, and will support 180 kHz UE RF bandwidth for both downlink and uplink. 

From network perspective, for the in-band operation it is desirable to be able to allocate multiple 180 kHz PRBs, e.g. for serving NB-IoT traffic during LTE off-peak hours when the LTE traffic volume is low. This feature may be helpful for example when over-the-air firmware updates need to be pushed down to a massive number of devices in a cell.

In RAN1 NB-IoT Ad-Hoc, the following way-forward on the support of multiple NB-IoT carriers was agreed.

· Multiple NB-IoT carriers operation for NB-IoT is supported at least for in-band, guard-band operation modes
· FFS: Define one NB-IoT PRB containing NB-PSS/SSS and NB-PBCH as the anchor PRB

· FFS: which PRB is defined as the anchor PRB

· Additional PRBs are configured by MIB and/or SIB and/or RRC signaling

· If more than one PRBs are allocated in the in-band operation, not all of those PRBs need to satisfy 100 kHz channel raster requirements

· FFS: Detailed signaling

· FFS: Stand-alone operation

The need for Multi-PRB support is further motivated in [3] and our RAN1 contribution [4]. In this contribution, we discuss the best solution for support multiple LTE PRBs for serving NB-IoT traffic in Rel-13. 
2 Discussion

There are several options for how to support multi-PRB (multi-carrier) operation. These will be compared and analyzed below. Note that throughout the discussions below, even though the term multiple PRBs are mentioned, the UE operates on one (non-anchor) PRB at a time.
2.1 Multi-PRB in Idle or Connected 

The first question to answer is whether or not multiple PRBs should be available to UEs in RRC Idle Mode. The obvious advantage of having multiple PRBs available in idle state is the possibility for load distribution of Random Access (RA) and Paging. However, for UEs to be able to use other PRBs for RA and for monitoring paging, new behavior has to be specified. There are several open issues related to this, some examples are listed below:

· How is PRACH selection done? 
· Are the other PRBs required to have PSS/SSS and SI for UEs to (re-)select them? (In which case part of the motivation for having multi-PRB is removed). 
· How Access Barring is done without SI? 

· How will the multi-PRB configuration (from which UEs can be assigned another PRB) be made known to UEs? 
All of which would have to be resolved in Rel-13. For multi-PRB in RRC Connected mode the UE would be assigned to another PRB during some step of the RRC Connection Setup, reside there during the connected session, and return to the anchor PRB once released to Idle mode. Therefore the UE would follow an explicit assignment and the UE and eNB would have a common knowledge of which PRB the UE is located in.
Regarding the last mentioned open issue above, UEs would have to keep an up-to-date knowledge of which PRBs are currently in use. At least for paging, this would require that UEs must be notified and reacquire SI every time the assigned PRBs either change numbers or configuration. For the in-band use case where unused LTE PRBs could be used for NB-IoT traffic during non-busy hours (e.g. firmware updates etc.), all UEs would have to reacquire SI more often leading to increased power consumption. If instead another PRB is assigned to a UE upon access, the SI update notification and SI reacquiring process related to multiple PRB configuration updates would not be needed. 
Observation 1 Multi-PRB support in RRC Idle Mode would require substantial standardization effort.

Due to the limited time to complete NB-IoT in Rel-13 we therefore propose the following:
Proposal 1 Specify a multi-PRB solution for RRC Connected Mode in Rel-13 and consider RRC Idle Mode solutions in future releases.
A concern raised by other companies is the Random Access capacity. However it has been shown in [5] and [6] that the preamble collision probability is quite low in one PRB and therefore this should not be problem.
2.2 Multi-PRB alternatives

The main question for assigning another PRB to a UE during connection setup is in which step this is done. Some alternatives are listed below:
Alt 1: PRB assignment in Random Access Response (RAR)
In this alternative the eNB would include a pointer to the assigned PRB in the RAR. For stand-alone operation, a mapping of the pointer to PRB frequencies would have to be pre-configured, and therefore require a new SIB carrying this information. However, for in-band PRBs, independent of whether the anchor PRB is in guard-band or in-band, the pointer could by default cover all possible PRBs in the LTE system BW. Therefore no new SIB would be required in this case. (Note however that the legacy LTE parameters, including the system BW due to legacy CRSs, will likely have to be broadcasted in a SIB for in-band operation). The main benefit of this solution is that the other PRB is assigned to a UE as early as possible and as a result load distribution of Msg3 and Msg4 over several PRBs is possible. Note that a similar solution is being standardized for eMTC, but in that case the indication is pointing to a narrow band to be used for Msg3 and Msg4 only. In eMTC, once the UE is in connected mode it will not reside in one particular narrowband and apply frequency hopping over several narrowbands when monitoring M-PDCCH or follow narrowband indications in DCI for PDSCH/PUSCH transmissions. For NB-IoT in Rel-13, UEs will instead reside on the assigned PRB throughout the time the UE is in connected mode without frequency hopping between PRBs/narrowbands.
Alt 2: PRB assignment by RRC signaling

In this alternative, the UE is assigned another PRB by means of dedicated RRC signaling. No new RRC message should have to be introduced but rather only a new information element (IE) is included in an existing RRC message sent upon Connection Setup or Connection Resume. The drawback of this alternative is, in comparison to the previous alternative, that Msg3 and Msg4 also would have to be transmitted on the anchor PRB. The benefit is however that the solution will be the same for the stand-alone and in-band cases and that a minimum of specification work is needed from RAN1 perspective. For more details on this solution see [7].
Alt 3: PRB assignment per scheduling grant
In this alternative the UE remains on the anchor PRB after the RRC Connection Setup and will monitor NB-PDCCH there throughout the operation in connected mode. However, PUSCH and PDSCH may, by the NB-PDCCH monitored on the anchor PRB, be assigned other PRBs by indicating the PRB index in the DCI. Regarding the need for pre-configurations of non-anchor PRBs and the need for new SI, the same as for Alt 1 should apply; a new SIB must be introduced when the PRBs are stand-alone but no need when they are in-band. 
The pros and cons the different solutions are summarized in the below table:

	Alternative:
	Pros:
	Cons:

	Alt 1: RAR
	+Pointer only in msg2.
+ Load distribution already from msg3 possible.
	-RAN1 impact.
-Requires different solution for stand-alone and in-band. 

-New SIB must be introduced for stand-alone.

-Always need to include pointer

-Change of PRB not possible after RAR.

	Alt 2: RRC
	+More dynamic (PRB can be changed).
+Minimal RAN1 impact.
	-Msg3 and Msg4 always have to be on the anchor carrier.



	Alt 3: Scheduling assignment


	+Most dynamic solution.

	-Only load distribution for PUSCH & PDSCH.
-Always need to include DCI pointer.

-Requires different solution for stand-alone and in-band. 

-New SIB must be introduced for stand-alone.


Based on that data payloads are expected to be small for NB-IoT and the drawbacks compared to the two other alternatives, we rule out Alt 3. However, Alt 1 and Alt 2 are both good alternatives but based on the common solution for stand-alone and in-band and the minimal specification work needed we propose to select the RRC solution to ensure that a multi-PRB solution is introduced already in Rel-13.

Proposal 2 Multi-PRB support is achieved by RRC signaling for assigning another PRB to the UE.
In all alternatives above, once the UE is released from RRC connected mode on whatever PRB, it autonomously goes back to the anchor PRB for RRC idle mode operation (unless explicitly redirected by eNB to another anchor PRB).

Proposal 3 A UE that has been assigned a non-anchor PRB, remains on that PRB throughout RRC connected mode operation or until re-assigned to another PRB.

Proposal 4 A UE that operates on a non-anchor PRB autonomously goes back to the anchor PRB upon leaving RRC connected mode unless explicitly redirected by eNB to another carrier (e.g. through RRC Connection Release with redirect info).

3 Conclusion

In this contribution we have discussed multi-PRB support for NB-IoT. 
In section 2 we make the following proposals and observations:
Observation 1
Multi-PRB support in RRC Idle Mode would require substantial standardization effort.
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Proposal 1
Specify a multi-PRB solution for RRC Connected Mode in Rel-13 and consider RRC Idle Mode solutions in future releases.
Proposal 2
Multi-PRB support is achieved by RRC signaling for assigning another PRB to the UE.
Proposal 3
A UE that has been assigned a non-anchor PRB, remains on that PRB throughout RRC connected mode operation or until re-assigned to another PRB.
Proposal 4
A UE that operates on a non-anchor PRB autonomously goes back to the anchor PRB upon leaving RRC connected mode unless explicitly redirected by eNB to another carrier (e.g. through RRC Connection Release with redirect info).



4 
References

[1] RP-151621, “New Work Item: NarrowBand IOT (NB-IOT),” source Qualcomm Inc., RAN #69, Sept. 2015.

[2] RP-152284, “New Work Item: NarrowBand IOT (NB-IOT),” source Huawei and HiSilicon, RAN #70, Dec. 2015.
[3] R2-161261, “Multiple carrier operation for NB-IoT”, Intel Corporation, RAN2#93.
[4] R1-160265, “NB-IoT – Support for operation with Multiple PRBs”, Ericsson, RAN1#84.

[5] R1-160093, NB-IoT - Design Considerations for Single Tone Frequency Hopped NB-PRACH, Ericsson, RAN1 Ad-Hoc Budapest.

[6] R1-160094, NB-IoT - Design Considerations for Zadoff-Chu Sequences Based NB-PRACH, Ericsson, RAN1 Ad-Hoc Budapest.

[7] R2-161650, “RAN2 aspects of multiple NB-IoT carrier operation”, NTT DOCOMO, RAN2#93.

1

