Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG1 #94bis	R1-1810926
8th – 12th October 2018
Chengdu, China

Agenda Item:	6.2.2.4
Source:	Qualcomm Incorporated
Title:	Coexistence of NB-IoT with NR
Document for:	Discussion and Decision
1	Introduction
In RAN#80 meeting, a new WID of Rel-16 enhancements for NB-IoT [1] was approved with the objective to study the coexistence of NB-IoT with NR. 

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

In RAN1#94 meeting, the following observation and agreement were achieved [2]. 

Observation
· From RAN1 perspective, no issues were identified that would prevent the coexistence of NR and NB-IoT

Agreement
· RAN1 studies additional specification enhancement for improving the performance of coexistence of NB-IoT with NR.

[bookmark: _Ref178064866]In this contribution, we continue to discuss the aspects for facilitating close coexistence with NR. 
2	Discussion
2.1 Subcarrier and PRB Grid Alignment
An important requirement for NR is to ensure good co-existence with LTE since NR and LTE may be deployed with frequency-overlapping carriers as well as frequency adjacent non-overlapping carriers. It is noted that LTE shall include also eMTC and NB-IoT. As agreed in RAN#79, the LPWA user cases will continue to be addressed by eMTC and NB-IoT to allow a smooth migration path for eMTC/NB-IoT by joint deployment with NR. This would allow the operator to update the existing eMTC/NB-IoT enabled network to NR while continuing serving the deployed IoT devices. 

According to [3], for in-band or guard-band mode operation, the downlink subcarrier alignment between NB-IoT and NR can be achieved when 15kHz subcarrier spacing is used in NR. However, for standalone mode operation, as discussed in [4] the subcarrier grid between NB-IoT and NR will be shifted by +7.5kHz or -7.5kHz. This is because the standalone NB-IoT carrier is centered on between two subcarriers instead of a subcarrier. The subcarrier grid misalignment will cause non-negligible inter-subcarrier interference. Therefore, NB-IoT has to use the in-band or guard-band operation for coexistence with NR.
Proposal 1: NB-IoT shall be configured with in-band or guard-band mode operation for coexistence with NR. 
Secondly, the PRB grid between NB-IoT and NR may not be aligned for the in-band or guard-band mode operation since the DC subcarrier is used in NR. As a result, at least 1 RB will be left unused in NR when coexisting with NB-IoT. If there are multiple non-anchor carriers distributed in the NR band for NB-IoT, then the number of unused RBs could be large. One way to solve this issue is to introduce the sub-PRB level rate matching scheme in NR, however, this has not been agreed in Rel-15. Alternatively, we can consider shifting the NB-IoT carrier to align the RB grid between NR and NB-IoT. Due to backward compatibility, the RB shift can only be applied to the non-anchor carrier. 

Proposal 2: RB shift can be considered for the NB-IoT non-anchor carrier for RB grid alignment between NR and NB-IoT. 
2.2 Resource configuration
For inband deployment of NB-IoT with NR, both time domain coexistence and frequency domain coexistence shall be considered. A NB-IoT system contains one anchor carrier and zero or more non-anchor carriers where a NB-IoT carrier spans one PRB consisting of 12 subcarriers with a bandwidth of 180kHz. Therefore, it shall be possible to allocate at least one PRB of 180kHz on a NR carrier for NB-IoT. In other words, coexistence between NR and NB-IoT can be enabled by FDM based semi-static resource partition.

Alternatively, semi-static resource partition via TDM between NR and NB-IoT can also be considered. For NB-IoT, the common signals/channels are transmitted at partial subframes as follows. Here we assume time division duplex (TDD) for both NB-IoT and NR.

· NPSS: subframe 5 in every 10 ms
· NSSS: subframe 0 in every 20 ms
· NPBCH: subframe 9 in every 10 ms
· SIB1-NB: subframe 4 or subframe 0 in every 20 ms (for anchor carrier) or subframe 0 and 5 in every 20ms (for non-anchor carrier)
Therefore, to support the operation of NB-IoT inside an NR carrier, at least subframe 0, 5 and 9 are needed to be reserved for full DL transmission, and in case of single anchor carrier used for NB-IoT, subframe 4 shall also be reserved as full DL. If we assume subframe 2 and 3 used for NB-IoT uplink transmission, then other subframes, e.g. subframe 6, 7 and 8 can be dedicated to NR transmission by indicating as invalid subframes for NB-IoT. An example of the operation of NB-IoT inside an NR carrier with semi-static resource partition is shown in Figure 1. Here we assume LTE TDD UL/DL configuration #1 is used for NB-IoT, and a semi-static TDD configuration of 3:2 DL/UL with 5ms periodicity is used for NR. The resources overlapping with NB-IoT common signals (e.g., NPSS/NSSS/NPBCH/SIB1) will be configured as reserved resources and not used in NR. 


[image: ]
Figure 1: Coexistence between NB-IoT and NR vis semi-static resource partition
For improving resource utilization, dynamic resource multiplexing shall also be supported so that NR can utilize the unused DL and UL resources reserved for NB-IoT. In Rel-15, dynamic rate matching resource set is supported in NR so that DCI can dynamically indicate whether the reserved resources shall be excluded from the PDSCH allocation. If the reserved resources are not used for NB-IoT in the slot for which PDSCH is mapped, then these resources can be temporarily used for NR PDSCH by setting the value of rate matching indicator to zero. Since the rate matching resource set in NR is defined by a pair of RB level bitmap with 1 RB granularity and a symbol level bitmap spanning one or two NR slots, it is possible to support dynamic resource multiplexing between NR and NB-IoT on the subframe/RB level. However, it shall be noted that the rate matching based resource multiplexing is mainly from NR perspective since an NB-IoT UE is unware whether it is operating in an NR carrier or a LTE carrier.

When URLLC is configured in NR, a 30kHz subcarrier spacing will be used, and then one subframe in LTE is equal to two NR slots. Furthermore, a few number of OFDM symbols at the end of a slot may be used for UL control for enabling fast HARQ-ACK feedback as shown in Figure 2. In such case, DL transmission is only allowed in the part of one subframe. Therefore, these subframes with a mixed UL/DL transmission cannot be used for NB-IoT. Although this would not break the inband operation of NB-IoT with NR, it would limit the scheduling flexibility in NR. That is, if there are more subframes reserved for NB-IoT then the performance of URLLC will be affected and there is less probability to serve URLLC on the same carrier. Since NB-IoT may only occupy a small portion of NR bandwidth, it is desirable to remove the restriction for efficient coexistence between NR and NB-IoT.

[image: ]
Figure 2: A NR slot format with increasing UL opportunity assuming 30kHz SCS
Proposal 3: For coexistence with NR, the slot or symbol level configuration shall be considered in NB-IoT to allow DL or UL transmission in part of the subframe.  
3	Summary
In this contribution, we discuss the potential issues and solutions for efficient coexistence of NB-IoT with NR. We made the following proposals.
Proposal 1: NB-IoT shall be configured with in-band or guard-band mode operation for coexistence with NR. 
[bookmark: _In-sequence_SDU_delivery]Proposal 2: RB shift can be considered for the NB-IoT non-anchor carrier for RB grid alignment between NR and NB-IoT. 
Proposal 3: For coexistence with NR, the slot or symbol level configuration shall be considered in NB-IoT to allow DL or UL transmission in part of the subframe.  
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