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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
 At RAN#80, the Rel-16 work item on additional enhancements for NB-IoT was approved [1]. One of the objectives in this work item is to study NR and LTE specifications to identify possible issues related to 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]

This contribution discusses some of the open issues for coexistence of NB-IoT with NR. 
Discussion
1.1 Mechanism supporting coexistence
In Rel-15 NR specification, gNB can configure some reserved resources which are declared as not available for PDSCH for NR UEs by rate match pattern configurations in RB symbol level granularity. The configuration includes a RB level bitmap (higher layer parameter resourceBlocks) in the frequency domain with 1 RB granularity, a symbol level bitmap (higher layer parameter symbolsInResourceBlock) in time domain and a time domain repetition pattern (higher layer parameter periodicityAndPattern). There are two types of reserved resources including dynamic and semi-static. If the resources are configured as dynamic mode by higher layer, then it can be set as available or not available for PDSCH dynamically by a DCI. Once the resources are configured as semi-static, it cannot be changed dynamically. Note that the scheduled PDSCH DM-RS REs for NR UEs cannot overlap or partially overlap with any REs within these unavailable resources. The detailed signaling (RateMatchPattern) is shown below.
–	RateMatchPattern
The IE RateMatchPattern is used to configure one rate matching pattern for PDSCH. Corresponds to L1 IE 'rate-match-PDSCH-resource-set', see 38.214, section FFS_Section.
RateMatchPattern information element
-- ASN1START
-- TAG-RATEMATCHPATTERN-START

RateMatchPattern ::= 				SEQUENCE {
	rateMatchPatternId					RateMatchPatternId,

	patternType							CHOICE {
		bitmaps								SEQUENCE {
			resourceBlocks						BIT STRING (SIZE (275)),
			symbolsInResourceBlock				CHOICE {
				oneSlot								BIT STRING (SIZE (14)),
				twoSlots							BIT STRING (SIZE (28))
			},
			periodicityAndPattern				CHOICE {
				n2									BIT STRING (SIZE (2)), 
				n4									BIT STRING (SIZE (4)), 
				n5									BIT STRING (SIZE (5)), 
				n8									BIT STRING (SIZE (8)), 
				n10									BIT STRING (SIZE (10)), 
				n20									BIT STRING (SIZE (20)), 
				n40									BIT STRING (SIZE (40))
			}																										OPTIONAL, 	-- Need S
			...
		},
		controlResourceSet					ControlResourceSetId
	},
	subcarrierSpacing					SubcarrierSpacing 															OPTIONAL,	-- Cond CellLevel
	mode								ENUMERATED { dynamic, semiStatic },
	...
}

-- TAG-RATEMATCHPATTERN-STOP
-- ASN1STOP

Based on the RateMatchPattern configurations, the eNB can reserve downlink resources for NB-IoT anchor and non-anchor carriers as shown in Figure 1. In the uplink, NR does not support configuration of reserved resources by higher layer parameters in current NR specifications, but NR supports time domain resource allocation indicating start position and duration, and two types of frequency domain resource allocation (type 0 and type 1). In type 0, a bitmap is used to indicate the allocated bandwidth of an uplink bandwidth part in Resource Block Group (RBGs) granularity where RBG size is configured by higher layer. In type 1, a set of contiguously resource blocks is allocated to NR UEs. Based on these resource allocation methods, NB-IoT and NR coexistence is ensured by the network scheduling of uplink transmission to avoid the impact to NR and NB-IoT UEs. Thus from RAN1 point of view, NB-IoT and NR can coexistence based on Rel-15 specifications.



Fig. 1 Reserved resources for NB-IoT
Observation 1: From RAN1 perspective, NB-IoT and NR can coexistence based on Rel-15 specifications.

1.2 Improvement for resource sharing
In Rel-13, a NB-IoT UE accesses the system by an anchor carrier (i.e. 180-kHz PRB with 15-kHz subcarrier spacing) and then can be configured to a non-anchor carrier (i.e. another 180-kHz PRB with 15-kHz subcarrier spacing) by higher layer to perform unicast transmission. 
In Rel-14, non-anchor carrier enhancement is introduced to support RACH and paging on non-anchor carriers to increase the system capacity. Thus, from eNB perspective, there are multiple non-anchor carriers (i.e. multiple 180-kHz PRBs) for unicast, paging and RACH. Non-anchor carrier deployment has fewer limitations compared to anchor carrier which is limited by the channel raster plus {0, +/-2.5kHz and +/-7.5kHz}, so the non-anchor carrier can be distributed in the whole CC (Component Carrier) bandwidth from a NB-IoT specification point of view.
Observation 2: There can be multiple NB-IoT non-anchor carriers which are distributed in the CC bandwidth.

Thus when multiple NB-IoT UEs are scheduled for uplink transmission in multiple NB-IoT carriers, the NR UE uplink transmission should avoid the collision with NB-IoT transmissions by gNB scheduling. Another way is to introduce more efficient resource sharing mechanisms in Rel-16 and not rely entirely on gNB scheduling to avoid the collision. Since the collisions cannot be always avoided by gNB scheduling in case a large bandwidth needs to be allocated for wideband services, e.g. URLLC, resource sharing mechanisms can be employed. One efficient resource sharing mechanism is that some resources are postponed by NB-IoT UEs. Specifically, the gNB can configure some resources that would be postponed by NB-IoT UEs, and are available to be used for NR UEs.
[bookmark: _GoBack]From NB-IoT point of view, this postponed resource mechanism represents forward compatibility. That is, the eNB can configure the resources used by future Release NB-IoT UEs as the postponed resource for Rel-16 NB-IoT UEs, so Rel-16 UEs can be postponed around these resources to avoid the impact on eNB scheduling.
Proposal 1: In Rel-16, more efficient resource sharing mechanism can be considered, e.g. configuration of resources which are postponed by NB-IoT UEs. FFS whether and how the resource is usable for NR UEs.

Conclusion
In this paper, we discuss the coexistence of NB-IoT and NR.
Observation 1: From RAN1 perspective, NB-IoT and NR can coexistence based on Rel-15 specification.
Observation 2: There can be multiple NB-IoT non-anchor carriers which are distributed in the CC bandwidth.
Proposal 1: In Rel-16, more efficient resource sharing mechanism can be considered, e.g. configuration of resources which are postponed by NB-IoT UEs. FFS whether and how the resource is usable for NR UEs.
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