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1. Introduction 
In RAN1 NR_AH3, there was discussion on the signaling of reserved resources to allow for backward compatibility with LTE signals [1] and for forwards compatibility with future features that may be introduced in NR in a future release.
In RAN1 NR_AH3, there was an offline discussion on resource sharing between PDSCH and PDCCH [2] that came up with the following proposals:

The RRC configured one or more resource-sets, for which the UE shall assume PDSCH being rate-matched around,  include at least these two types:

· Type 1: Resource sets covering multiple CORESETs or parts of a CORESET
· Resource sets configured by a first bitmap of RBs and a second bitmap of OFDM symbols for which the first bitmap apply 
· This resource sets can be RRC configured  to be part of or excluded from L1 signaling
· CORESET(s) configured to a UE for monitoring can be configured to become  resource sets(s).
· This resource sets can be RRC configured  to be part of or excluded from L1 signaling
· Type 2: Resource sets corresponding to future compatible resource and other resource than control resource
· Resource sets configured by a first bitmap of length 12 corresponding to subcarriers within a PRB, a second bitmap of length 14 corresponding to OFDM symbols in a slot where the first bitmap apply, and a third bitmap of length NRB corresponding to the RBs where the first two bitmaps apply 
· [FFS:] This resource sets can be RRC configured  to be part of or excluded from L1 signaling
· Aperiodic NR CSI-RS(s) configured to a UE can be RRC configured to become  resource set(s).
· This resource sets can be RRC configured  to be part of or excluded from L1 signaling
· FFS on other types of resource-sets
· FFS for  PUSCH
These proposals cover the issues of:

· Type 1: re-farming of unused PDCCH CORESETs as PDSCH resources

· Type 2: future compatible resources to allow for future new features
RAN1 was not able to conclude on a single comprehensive proposal that covered both (1) backwards compatible resources, (2) re-farming of unused PDCCH CORESETs as PDSCH resources and (3) future compatible resources.

This document discusses the following:

· The need for NR signaling of LTE-eMTC resources in order to allow an NR carrier to support an eMTC UE in a backwards compatible manner.

· The difference between requirements for backwards compatibility, forwards compatibility and re-farming of unused PDCCH CORESETs as PDSCH resource.

· Rate matching vs puncturing around reserved resources. 

2. eMTC operation in an in-band carrier

eMTC and NB-IoT devices are being deployed in current LTE spectrum. These devices have an expected lifetime of 10 years or more (e.g. for the utility meter use case). In order to migrate the spectrum that these devices operate in to NR, the re-farmed NR carrier would have to support the eMTC and NB-IoT legacy devices in a backwards compatible manner.

[3] discusses in more detail how we envisage that an eMTC device can be supported in a backwards compatible manner in an NR carrier. Our view is generally in line with [4]. The conclusion that we came to was encapsulated in the following proposal:

Proposal 1: NR should support reservation of resources for the following eMTC channels and signals: CRS, PSS / SSS and repeated PBCH.
The NR UE would make no assumption about the contents of these resources. An LTE eMTC UE operating in re-farmed NR spectrum would still observe the LTE signals that it was expecting (CRS, PSS / SSS and PBCH), allowing the NR carrier to support LTE eMTC devices in a backwards compatible manner. Coexistence of an LTE-eMTC in-band carrier and a host NR carrier is illustrated in Figure 1. The LTE-eMTC UE is only aware of the LTE-eMTC carrier. The NR UE is aware of both the LTE-eMTC in-band carrier and the NR carrier. The NR UE can be scheduled in pure-NR resources or in resources that are shared between the LTE-eMTC in-band carrier and NR.
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Figure 1 – LTE-eMTC in-band carrier within an NR carrier
Although this section has discussed coexistence with eMTC, coexistence with NB-IoT is equally important and should also be supported.

3. Backwards / Forwards / CORESET-refarming Compatibility
This section considers some of the characteristics of reserved resources for backwards compatibility, forwards compatibility and CORESET re-farming.

Backwards compatible resources

The resource usage of backwards compatible resources is known to a Release-15 NR UE, since a Release-15 NR UE has knowledge of the nature of the backwards compatible resource through knowledge of the existing specifications. For example, if an NR UE is told that resources are reserved for LTE CRS, the NR UE will understand that resources are being reserved in the particular pattern that is used for LTE CRS. In this case, only the attributes of the pattern need to be described and a detailed generic “map” of the reserved resources does not need to be sent to the NR UE.

For example, if resources are reserved for LTE CRS, the LTE CRS pattern can be described by a limited set of parameters including cellID, number of transmit antennas, LTE system bandwidth, LTE in-band carrier frequency offset relative to the NR carrier and LTE in-band carrier time offset relative to the NR carrier.
Observation 1: Backwards compatible reserved resources can be signalled to an NR UE using a limited set of parameters that describe a known pattern.

The backwards compatible reserved resources are expected to be semi-statically configured and hence no L1 signalling is required to activate the backwards compatible reserved resources.

Forwards compatible resources

The nature of forwards compatible resources is not known to a Release-15 NR UE. In Release-15, there is no specification of what resources might need to be reserved for a future unknown feature. Hence there needs to be a generic method for signalling reserved resources for forwards compatibility. Such generic signalling could be implemented using the generic signalling method for “type 2 resource sets” described in section 1 and [2]. 
The generic signalling method involves signalling bitmaps of which individual UEs are reserved in which subcarriers and in which OFDM symbols. This signalling may be quite large, given the potential bandwidth of NR carriers. 

Since the forwards compatible resources do not necessarily exist in each NR slot, it may be useful to be able to dynamically indicate, via L1 signalling, whether the resources are reserved in the slot or not (as described in section 1 and [2]). Indeed, it is possible that there is more than one type of forward compatible resource (more than one new feature may need to be supported in the NR carrier). In this case, the L1 signalling can indicate which types of reserved resources are applied in the NR-slot.
Observation 2: Forwards compatible reserved resources need to be signalled with a generic signalling format that is expected to require a significant number of bits.

Observation 3: It should be possible to indicate which forwards compatible reserved resources are used in an NR-slot via L1 signalling.

CORESET re-farming

CORESET re-farming allows CORESETs (or parts of CORESETs) that are not used for PDDCH resources to be re-assigned for use as PDSCH resources. There have been agreements on this functionality in previous RAN1 meetings [2].

The CORESET re-farming technique will be known to all UEs in Release-15. Hence the signalling of resources used for CORESET re-farming does not need to be as generic as the signalling used for forwards compatible resources. It is envisaged that the resources used for CORESET re-farming are “blocky” in nature, whereby blocks of resources that are of the known shape of a CORESET are reserved. The signalling used to define resources for CORESET re-farming can thus be optimised to describe these blocky patterns.
The unused CORESETs that are be re-farmed to PDSCH can change dynamically from NR-slot to NR-slot. Hence it should be possible for L1 signalling to dynamically indicate which CORESET re-farming patterns are active on an NR-slot by NR-slot basis.

Observation 4: CORESET re-farming resources are blocky in nature and do not need to be signalled with a generic signalling format.

Observation 5: It should be possible to indicate which resources are re-farmed from CORESET resources to PDSCH resources using L1 signalling on an NR-slot by NR-slot basis. 

Conclusion

There are three distinct types of reserved resource signalling (backwards compatible resource, forwards compatible resource and CORESET re-farming), each with different characteristics. Instead of defining generic signalling to cover all three distinct types, it is reasonable to have separate signalling mechanisms for each of these distinct types of reserved resources.

Proposal 2: NR uses different signalling methods for backwards compatible reserved resources, forwards compatible reserved resources and CORESET re-farming.
4. Puncturing vs Rate Matching
It has already been agreed that PDSCH is rate matched around resources when CORESET re-farming is applied. There is no intention to revisit this agreement. 
The general benefit of rate-matching over puncturing is that rate-matching allows more precise control over which parity and systematic bits are punctured within the channel decoding function. This can lead to superior performance for rate-matching over puncturing.

The drawback of rate matching is that the rate matching parameters have to be precisely known at both the transmitter and receiver. Puncturing is more resilient to a slight mismatch between transmitter parameters and receiver parameters (a received signal that has an incorrect puncturing pattern applied to it is still decodable, subject to a performance degradation). Since it is unlikely that Release-15 UEs will be tested with all future potential forward compatibility reserved resource patterns, puncturing is generally a more robust approach from the interoperability perspective.   

An additional drawback of rate-matching is that rate-matching patterns have to be defined for all physical channels. While rate-matching for NR-PDSCH is likely to be naturally flexible (to account for all the potential combinations of physical resource allocation and transport block size), the same cannot be said for other physical channels (e.g. NR-PDCCH). We think that a large amount of work would be required to define bespoke rate-matching patterns for each NR physical channel. Hence from the specification perspective (and particularly from the perspective of completing NR within the Rel-15 timeframe), puncturing is preferable. 
Puncturing of some NR channels / signals may lead to significant performance degradation of NR. However network implementation can control whether this performance degradation happens or not. Examples of network design choices that would avoid significant NR performance degradation include:
· NR-PDCCH. NR CORESETs can be positioned in locations within the NR system bandwidth that are not impacted by reserved resources (e.g. NR CORESETs are not assigned to regions that overlap with an LTE-eMTC in-band carrier).
· SS blocks. 30kHz subcarrier spacing SS blocks can be positioned in LTE OFDM symbol locations that do not contain LTE CRS.
· NR DMRS. Reserved resources can be arranged to impact data-bearing REs rather than NR-DMRS, since puncturing the NR-DMRS might disable channel estimation in the NR carrier.

Observation 6: Network implementation should ensure that there is minimal NR performance degradation from puncturing NR to allow for reserved resources.

5.   Conclusion

This document has considered the usage of reserved resources to allow for backwards compatibility, forwards compatibility and CORESET re-farming. Backwards compatible reserved resources allow for eMTC and NB-IoT devices to coexist within the same NR carrier. The following observations are made:
Observation 1: Backwards compatible reserved resources can be signalled to an NR UE using a limited set of parameters that describe a known pattern.

Observation 2: Forwards compatible reserved resources need to be signalled with a generic signalling format that is expected to require a significant number of bits.

Observation 3: It should be possible to indicate which forwards compatible reserved resources are used in an NR-slot via L1 signalling.

Observation 4: CORESET re-farming resources are blocky in nature and do not need to be signalled with a generic signalling format.

Observation 5: It should be possible to indicate which resources are re-farmed from CORESET resources to PDSCH resources using L1 signalling on an NR-slot by NR-slot basis.

Observation 6: Network implementation should ensure that there is minimal NR performance degradation from puncturing NR to allow for reserved resources.

The following proposals are made:

Proposal 1: NR should support reservation of resources for the following eMTC channels and signals: CRS, PSS / SSS and repeated PBCH.
Proposal 2: NR uses different signalling methods for backwards compatible reserved resources, forwards compatible reserved resources and CORESET re-farming.
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