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1. Introduction 
The following agreement was made at RAN1#90bis [1], allowing the NR UE to be aware of LTE CRS that are multiplexed into the NR carrier, allowing for some level of backwards compatibility between LTE and NR.

Agreements:
· On a RE level, NR-PDSCH of SCS 15kHz can be rate-matched around the following resources:
· LTE CRS
· Rate-matching resource can be semi-statically configured (using LTE v_shift and up to 4 CRS antenna port(s)) for a NR UE
· A UE is not expected to handle the case where NR-PDSCH DMRS REs are over-lapping, even partially, with any RE(s) indicated by the rate-matching configuration.
Agreements:
· On the RB-symbol level, UE can be configured with one or multiple DL resource set(s), each resource set configuration includes a first bitmap of RB granularity and a second bitmap of OFDM symbols within a slot for which the first bitmap applies (i.e. the intersection of two bitmaps). 
· These resource set(s) can be identified as resource sets(s) for which the PDSCH is or is not mapped based on the L1 signalling.
· FFS whether or not the presence of the information field to indicate the resource set is RRC configurable – conclude by Friday
· FFS whether a resource set is applicable in every slot or not (e.g., via a periodic configuration, etc.)
· Conclude by Friday whether or not there is RRC impact
· FFS the case of one DCI scheduling multi-slot transmission
· Note: covers future/backward compatible resource, parts of CORESETs, multiple CORESETs
· FFS L1 signaling is GC PDCCH or scheduling DCI
· CORESET(s) configured to a UE for monitoring can be included in resource set(s)
· If included, the entire COREST is assumed for rate matching when applicable
· These resource set(s) can be identified as resource sets(s) for which the PDSCH is or is not mapped based on the L1 signalling.
· FFS the configuration details of rate matching for semi-static case (w/o L1 signalling)
Following RAN1#90bis in Prague, the outcome of the email discussion [90b-NR-38] produced the following proposals related to rate matching resources, which addresses some of the FFS points in the RAN1#90bis agreements:

Proposal-1: 

NR supports semi-static configuration of at least the following parameters for a rate-matching resource set(s)       

· Configure one or multiple pairs of bitmap-1 and bitmap-2, each pair determining a time-frequency resource set, i.e. kronecker(transpose(bitmap-1), bitmap-2)  

· a bitmap-1 of at least RB granularity (up to 275 bits, one bit corresponding to one RB)

· a bitmap-2 of  14 symbols (i.e. 1 slot) in time for which the first bitmap applies (one bit per symbol) 
· FFS: support of bitmap-2 of size 28 a 56 symbols

· FFS on details of bitmap-1 configuration 

· FFS configure one or more time-domain pattern(s) for one or more configured pair(s) of bitmap-1 and bitmap-2

· FFS: NR also supports semi-static configuration of the following parameters for a rate-matching resource set(s)
· Alt 1: Bitmap-0 (e.g. 12 bits), in addition to bitmap-1, and bitmap-2 in the above, where bitmap-0 configures a subset of REs within a RB, the configuration is applicable to all RBs configured by bitmap-1 and bitmap-2 pair 

· Alt 2: a resource set includes one or more of NZP CSI-RS configuration(s)
· Other alternatives are not precluded

Proposal-2:
· At least on the RB-symbol level, for semi-static configuration of a rate-matching resource set(s), configure one or more time-domain pattern(s) for one or more configured pair(s) of bitmap-1 and bitmap-2

· As time-domain pattern, configure one bitmap-3 per each pair of bitmap-1 and bitmap-2 

· each bit in bitmap-3 corresponds to a unit equal to a duration of the bitmap-2, and indicates whether the pair is present in the unit or not 

· the duration of bitmap-3 is {1, 5, 10, 20 or 40 units} but at most [down-select between 20 or 40 ms] 

· the rate-matching configuration repeats in time with periodicity equal to duration of bitmap-3

· bitmaps-3 of bitmap-1 and bitmap-2 pairs can be of different length

· a UE rate-matches around union of rate-matching resource set(s), each configured by bitmap-1, bitmap-2 and time-domain pattern (i.e. bitmap-3) 

· Note: A rate matching resource set can be defined by at least bitmap-1, bitmap-2 and bitmap-3 at least for resource sets not associated with L1 signaling. 

· FFS: whether the time-domain pattern(s) configuration for bitmap-1 and bitmap-2 pair(s) apply also to bitmap-1 and bitmap-2 pairs(s) associated with L1 signalling. 

Proposal-3: 

· At least for a RB-symbol-level rate-matching resource-set, the bitmap-1 and bitmap-2  is configured: 
· using common PRB indexing if configured per serving cell 
· the resource set is configured with a given numerology and is applicable only if resource set overlaps with active BWP. FFS on conversion of the given numerology to numerology of the active BWP. 
· using UE-specific PRB indexing if configured per BWP 
· the resource set is configured in numerology of a BWP and is applicable only if BWP is active
Offline Proposal: Bitmap-1 can be configured with granularity 1 RB

· FFS whether other granularities, e.g. 2,4, 6, 8,16 RBs, are also supported

This document provides our views on these proposals, particularly from the aspect of being able to support efeMTC and NB-IoT in a backwards compatible manner within an NR carrier. 

2. eMTC operation in an in-band carrier

This section illustrates one usage scenario that we want the rate matching resources framework to support: backwards compatible support of an LTE carrier, supporting eMTC transmissions, within an NR carrier.

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.
To facilitate coexistence between an efeMTC in-band carrier and an NR carrier, it should be possible for the following resources of the LTE carrier to be signalled to the NR UE:

· CRS
· LTE-PSS

· LTE-SSS

· eMTC-PBCH

Although it may be possible for NR transmissions to be scheduled around the following transmissions, it is preferable if the following transmissions can also be signalled to the NR UE (in order to provide the greatest level of compatibility between LTE and NR: note that there may be many repetitions of MPDCCH and PDSCH in order to provide coverage extension and being able to signal eMTC-MPDCCH and eMTC-PDSCH allocations provides greater flexibility for scheduling NR transmissions without partitioning the resource space):

· eMTC SIB1-BR

· eMTC-MPDCCH

· eMTC-PDSCH
Once the NR UE knows the configuration of the above listed LTE resources, the NR UE considers these resources to be rate-matched resources within 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.

The following sections will consider whether each of the proposals allows the following critical eMTC resources to be signaled as rate matching resources in NR in order to provide backwards compatibility of NR to eMTC:
· LTE-PSS: occupying most of 6PRBs of symbol 6 of subframes 0 and 5 of the LTE radio frame
· LTE-SSS: occupying most of 6PRBs of symbol 5 of subframes 0 and 5 of the LTE radio frame
· eMTC-PBCH: fully occupying 6 PRBs of subframe 0 and 9 of the LTE radio frame
3. Proposal 1 compatibility with eMTC
For the sake of clarity, Proposal 1 is copied below:

Proposal-1: 

NR supports semi-static configuration of at least the following parameters for a rate-matching resource set(s)       

· Configure one or multiple pairs of bitmap-1 and bitmap-2, each pair determining a time-frequency resource set, i.e. kronecker(transpose(bitmap-1), bitmap-2)  

· a bitmap-1 of at least RB granularity (up to 275 bits, one bit corresponding to one RB)

· a bitmap-2 of  14 symbols (i.e. 1 slot) in time for which the first bitmap applies (one bit per symbol) 
· FFS: support of bitmap-2 of size 28 a 56 symbols

· FFS on details of bitmap-1 configuration 

· FFS configure one or more time-domain pattern(s) for one or more configured pair(s) of bitmap-1 and bitmap-2

· FFS: NR also supports semi-static configuration of the following parameters for a rate-matching resource set(s)
· Alt 1: Bitmap-0 (e.g. 12 bits), in addition to bitmap-1, and bitmap-2 in the above, where bitmap-0 configures a subset of REs within a RB, the configuration is applicable to all RBs configured by bitmap-1 and bitmap-2 pair 

· Alt 2: a resource set includes one or more of NZP CSI-RS configuration(s)
· Other alternatives are not precluded

LTE-PSS and LTE-SSS can be signalled as follows:
· bitmap-1 contains a string of 6 bits set to ‘1’ that indicate the active PRBs for LTE-PSS / SSS

· bitmap-2 contains a string of 14 bits, where bits 5 and 6 are set to ‘1’ to indicate the OFDM symbols containing LTE-PSS / SSS
eMTC-PBCH can be signalled as follows:

· bitmap-1 contains a string of 6 bits set to ‘1’ that indicate the active PRBs for eMTC-PBCH

· bitmap-2 contains a string of 14 bits, where all 14 bits can be set to ‘1’ to indicate OFDM symbols containing eMTC-PBCH (or LTE control channel region)

However, the LTE-PSS / SSS and eMTC-PBCH are not active in every subframe, so there needs to be a time domain pattern for the LTE-PSS / SSS bitmap1-bitmap2-pair and for the eMTC-PBCH bitmap1-bitmap2-pair. The time domain patterns for these signals are different (time domain pattern for LTE-PSS / SSS indicates LTE subframes 0,5; time domain pattern for eMTC-PBCH indicates LTE subframes 0,9). Hence it is we have the view that:

View on proposal 1: it is possible to configure more than one time-domain pattern for more than one configured pairs of bitmap-1 and bitmap-2.

From the perspective of backwards compatibilty support of efeMTC, we do not see the need to semi-statically configure RE-level bitmap-0s or NZP CSI-RS configurations. The already agreed signalling of LTE CRS patterns is sufficient.
4. Proposal 2 compatibility with eMTC

For the sake of clarity, Proposal 2 is copied below:

Proposal-2:
· At least on the RB-symbol level, for semi-static configuration of a rate-matching resource set(s), configure one or more time-domain pattern(s) for one or more configured pair(s) of bitmap-1 and bitmap-2

· As time-domain pattern, configure one bitmap-3 per each pair of bitmap-1 and bitmap-2 

· each bit in bitmap-3 corresponds to a unit equal to a duration of the bitmap-2, and indicates whether the pair is present in the unit or not 

· the duration of bitmap-3 is {1, 5, 10, 20 or 40 units} but at most [down-select between 20 or 40 ms] 

· the rate-matching configuration repeats in time with periodicity equal to duration of bitmap-3

· bitmaps-3 of bitmap-1 and bitmap-2 pairs can be of different length

· a UE rate-matches around union of rate-matching resource set(s), each configured by bitmap-1, bitmap-2 and time-domain pattern (i.e. bitmap-3) 

· Note: A rate matching resource set can be defined by at least bitmap-1, bitmap-2 and bitmap-3 at least for resource sets not associated with L1 signaling. 

· FFS: whether the time-domain pattern(s) configuration for bitmap-1 and bitmap-2 pair(s) apply also to bitmap-1 and bitmap-2 pairs(s) associated with L1 signalling. 

The subframe locations in time of LTE-PSS/LTE-SSS and eMTC-PBCH can be signalled using bitmap-3:

· for LTE-PSS / SSS, bitmap 3 can be either:

· 5 bits, repeating every 5ms and signalling ‘10000’ to indicate that the LTE-PSS/SSS is active (bitmap1-bitmap2 pair is active) on subframe 0 of every half radio frame; or

· 10 bits, repeating every 10ms and signalling ‘10001000’ to indicate that LTE-PSS/SSS is active twice per radio frame

· for eMTC-PBCH, bitmap 3 is 10 bits long and signals ‘1000000001’ to indicate that eMTC-PBCH bitmap1-bitmap2 pairs are active in subframes 0 and 9 of the LTE radio frame
Hence for eMTC compatibility, the following are required from proposal 2:

· duration of bitmap-3 supports 10 units (and optionally 5 units)

· bitmaps 3 of bitmap1-bitmap2 pairs can be of different length (e.g. the case where LTE-PSS/SSS is described with a 5 bit bitmap3 and eMTC-PBCH is described with a 10 bit bitmap3)

We have the following views on proposal 2:

View on proposal 2:

· duration of bitmap3 supports at least 10 units, (5 units is optional)

· bitmaps 3 of bitmap1-bitmap2 pairs can be of different length
5. Proposal 3 compatibility with eMTC

For the sake of clarity, Proposal 3 is copied below:
Proposal-3: 

· At least for a RB-symbol-level rate-matching resource-set, the bitmap-1 and bitmap-2  is configured: 
· using common PRB indexing if configured per serving cell 
· the resource set is configured with a given numerology and is applicable only if resource set overlaps with active BWP. FFS on conversion of the given numerology to numerology of the active BWP. 
· using UE-specific PRB indexing if configured per BWP 
· the resource set is configured in numerology of a BWP and is applicable only if BWP is active
Given that the LTE carrier is embedded in a fixed location in the NR carrier and that location is common to all UEs, we would expect that the LTE carrier would be configured per cell (and not per BWP).

The LTE-eMTC carrier will operate with a 15kHz SCS. In the common case that the LTE-eMTC carrier and the NR carrier both operate at 15kHz SCS, no numerology conversion is necessary. If the NR carrier operates at a non-15kHz SCS, there may need to be a numerology conversion for the NR UE.
6. Offline proposal compatibility with eMTC

For the sake of clarity, the offline proposal is copied below:
Offline Proposal: Bitmap-1 can be configured with granularity 1 RB

· FFS whether other granularities, e.g. 2,4, 6, 8,16 RBs, are also supported

The LTE-PSS/SSS and eMTC-PBCH are all 6 PRB wide. As long as bitmap-1 supports a granularity of 1 RB, these eMTC signals can be described. Granularities of 2 and 6 RBs would make backward compatible signalling of critical eMTC signals more efficient in the NR carrier. Hence we have the following view on the offline proposal:

View on offline proposal:

· Bitmap-1 granularities of 1RB, 2RB and 6RB are useful for backwards compatibility support of eMTC

7.   Conclusion

In this document, we have considered how the proposals from email discussion [90b-NR-38] impact the backwards compatibility support of eMTC in an NR carrier and have the following views from the eMTC perspective:
View on proposal 1: it is possible to configure more than one time-domain pattern for more than one configured pairs of bitmap-1 and bitmap-2.

View on proposal 2:

· duration of bitmap3 supports at least 10 units, (5 units is optional)

· bitmaps 3 of bitmap1-bitmap2 pairs can be of different length
View on offline proposal:

· Bitmap-1 granularities of 1RB, 2RB and 6RB are useful for backwards compatibility support of eMTC
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