Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _GoBack]3GPP TSG-RAN WG1 #99	R1-1912687
18th – 22nd November 2019
Reno, USA

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#84 meeting, a revised WID of Rel-16 enhancements for NB-IoT [1] was approved with the objective to specify the performance improvement for NB-IoT coexistence with NR.

[bookmark: _Hlk516692042]Coexistence with NR
· Specify NB-IoT resource reservation for at least FDD/TDD NB-IoT non-anchor carriers, at least in DL, to avoid resource overlap between NR and NB-IoT when NB-IoT is deployed within an NR carrier [RAN1, RAN2].

[bookmark: _Ref178064866]In RAN1#98bis meeting, the following agreements were achieved [2].

Agreement
NB-IoT symbols that carry NRS are not reserved

Agreement
For resource reservation for NB-IoT in Rel-16, the configuration is independent from legacy subframe level resource reservation.

Agreement
For unicast, NPDCCH and NPDSCH scrambled by C-RNTI that would fall into the reserved resource are dropped for symbol-level and slot-level reserved resources.
· Dropped means punctured

Agreement
For unicast, NPUSCH scrambled by C-RNTI or SPS-C-RNTI that would fall into the reserved resource is postponed for subframe-level reserved resources.

Agreement
UL resource reservation for NB-IoT with slot-level and symbol(s)-level granularity in addition to subframe-level granularity is supported.
· FFS: whether the DMRS symbols can be configured as reserved resources

Agreement
NB-IoT reserved resource can be separately configured per NB-IoT non-anchor carrier.

Agreement
For unicast transmission, dynamic DCI signalling can be used to [indicate or override] which reserved resources are used for the scheduled NB-IoT transmission

In this contribution, we continue to discuss remaining issues for supporting NB-IoT coexistence with NR. 
2	Discussion
2.1 UL resource reservation
According to the agreement in last RAN1 meeting, symbol or slot level resource reservation can be configured also in the uplink. However, a couple of remaining issues need to discuss for supporting finer granularity resource reservation in the uplink. 

Firstly, it has not been specified whether the resource reservation can be applied to all the UL channels/signals or only a subset. Considering that finer granularity resource reservation is used only for unicast, NPUSCH scrambled by C-RNTI or SPS-C-RNTI shall be applied. It may be also possible to use it for NPUSCH format 2 carrying HARQ-ACK. 

Secondly, we need to specify how to transmit NPUSCH scrambled by C-RNTI or SPS-C-RNTI and NPUSCH format 2 carrying HARQ-ACK when they fall into the reserved resource. A straightforward solution is to follow the DL, i.e. dropping or puncturing on the reserved resources. For NPUSCH format 2 carrying HARQ-ACK, since orthogonal sequence is used for time domain spreading, dropping will destroy sequence orthogonality resulting in a performance loss. If the number of repetitions is larger than one, the performance loss can be controlled by configuring a larger number of repetitions at least for the case there is no systematic dropping in all the transmission subframes.
Proposal 1: For unicast, at least for NPUSCH scrambled by C-RNTI and SPS-C-RNTI and NPUSCH format 2 carrying HARQ-ACK with >1, transmission on the reserved resources are dropped for symbol and slot-level reserved resources
2.2 Dynamic resource reservation
It was agreed in last RAN1 meeting that dynamic DCI signalling can be used to [override or indicate] which reserved resources are used for the scheduled LTE-MTC transmission. In the following we will compare the difference of the two options.
For the “override” option, it means the configured reserved resources are not applied to the scheduled NPDSCH or NPUSCH transmission. In other words, the scheduled unicast transmission will use all the OFDM symbols of the non-anchor carrier. This may happen that NR transmission is temporarily disabled on all the reserved resources. 
The “indicate” option may refer to a dynamic switch between the legacy subframe level resource reservation and the finer granularity resource reservation. The typical use case is to support dynamic TDD in NR where the subframes with reserved symbols are reconfigured to a different Tx direction and thus not available for NB-IoT transmission. Another use case is to support dynamic resource multiplexing of NR and NB-IoT in some subframes. In such case, NR may schedule an aperiodic transmission using some unreserved resources and to avoid collision the eNB may request a fallback to legacy subframe level resource reservation to schedule NB-IoT transmission in subframes without dynamic resource sharing.
For the “override” option, if the reserved resources are used for coexistence with NR SSB, it is not possible to mute NR transmission on the reserved resources and use them for the scheduled NB-IoT DL transmission. Due to signalling restriction, it is either not possible to override a part of reserved resources. While the fallback mechanism by the ‘indicate” option can improve resource utilization since resources for aperiodic NR transmission are not fixed reserved. Also, the legacy subframe level resource reservation shall be known to Rel-16 UE supporting finer granularity reserved resources, and no additional RRC signalling is required to support this. 
Proposal 2: For unicast transmission, dynamic DCI signalling can be used to indicate a switch between the legacy subframe level resource reservation and finer granularity reserved resources for the scheduled NB-IoT transmission 
2.3 Resource configuration
According to last meeting, Rel-16 resource reservation can be independently configured from the legacy subframe level resource reservation. It is noted that NR also has a configuration of reserved resources for PDSCH to rate matching around. Since Rel-16 resource reservation is mainly for coexistence with NR, the resource configuration shall be compatible with NR PDSCH rate matching pattern. Therefore, we propose to reuse the same design of NR PDSCH rate matching pattern for Rel-16 resource reservation.

Following NR PDSCH rate matching pattern configuration, Rel-16 resource reservation on each non-anchor carrier may include a first bitmap of symbol or slot level granularity spanning one subframe, and an optional second bitmap of time domain pattern where each bit corresponds to a subframe and a bit value equal to 1 indicates the symbol/slot level bitmap is present in the subframe. A bit value equal to 1 in the symbol/slot level bitmap indicates the corresponding resource is not available for NB-IoT transmission. The time domain pattern bitmap can be [1, 2, 4, 5, 8, 10, 20 or 40] units long with a maximum of 40ms. If the time domain pattern is not configured, it is assumed that the symbol/slot level bitmap repeats every subframe.  
Proposal 3: For resource reservation for NB-IoT in Rel-16, the configuration includes:
· A first bitmap of symbol or slot level granularity spanning one subframe with up to 10 bits
· An optional second bitmap of time domain pattern with up to 40 bits where each bit corresponds to a subframe and a bit value equal to 1 indicates the symbol/slot level bitmap is present in the subframe

3	Summary
In this contribution, we discuss the remaining issues to support NB-IoT coexistence with NR. We have the following proposals.
[bookmark: _In-sequence_SDU_delivery]Proposal 1: For unicast, at least for NPUSCH scrambled by C-RNTI and SPS-C-RNTI and NPUSCH format 2 carrying HARQ-ACK with >1, transmission on the reserved resources are dropped for symbol and slot-level reserved resources
Proposal 2: For unicast transmission, dynamic DCI signalling can be used to indicate a switch between the legacy subframe level resource reservation and finer granularity reserved resources for the scheduled NB-IoT transmission 
Proposal 3: For resource reservation for NB-IoT in Rel-16, the configuration includes:
· A first bitmap of symbol or slot level granularity spanning one subframe with up to 10 bits
· An optional second bitmap of time domain pattern with up to 40 bits where each bit corresponds to a subframe and a bit value equal to 1 indicates the symbol/slot level bitmap is present in the subframe
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