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[bookmark: _Ref178064866]Discussion

1.1	Rate matching around LTE CRS
At RAN1 #90b, the following was agreed
· 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

[bookmark: _GoBack]The intention with the above agreement is to enable more efficient downlink same-frequency co-existence between NR and LTE by having NR transmissions avoid resources overlapping with the LTE CRS. This should also include the case when the LTE carrier and NR carrier are not of the same bandwidth and/or where the NR and LTE center carriers are shifted relative to each other. Thus, in addition to the LTE v_shift and number of LTE CRS antenna ports, the configuration should also include the LTE carrier bandwidth and the frequency-domain position of the LTE carrier relative to the NR carrier. 
Proposal 1:  
For rate matching around LTE CRS, an NR UE can be configured with
· The LTE carrier bandwidth
· The frequency-domain position of the LTE carrier relative to the NR carrier

1.2	Outstanding issues from email discussion
The post-RAN1 #90b email discussion (90b-NR-38) concluded with agreements on the following proposals related to rate-matching (RM) resource set(s): 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Proposal-1:
Working assumptions: 
· On the RB-symbol level, NR supports at least UE specific RRC configuration of at least the following parameters for a rate-matching resource set(s)
· A UE can be RRC configured with 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)
· FFS whether other granularities, e.g. 2,4, 6, 8,16 RBs, maximum number of RBs, are also supported
· 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 configuration of bitmap-1 and bitmap-2 pairs or other method by RMSI/OSI


Proposal-2:
· On the RB-symbol level, for a rate-matching resource set(s),  NR supports  at least UE specific RRC configuration of bitmap-3 in addition to  bitmap-1 and bitmap-2 pair
· A UE can be RRC configured with 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 
· bitmap-3 is composed of {1, 5, 10, 20 or 40 units} but is at most of duration [down-select between 20 or 40 ms] 
· The lengh of bitmap-3  for different bitmap-1 and bitmap-2 pairs can be different.
· When bitmap-3 length is 1, bitmap-3 is not explicitly configured.
· the rate-matching configuration repeats in time with periodicity equal to duration of bitmap-3
· a UE rate-matches around union of resources (i.e resrouce sets) where, each resource is expressed by a set of bitmap-1, bitmap-2 and bitmap-3. 
· FFS: whether the bitmap-3 is configured or not when the pair of bitmap-1 and bitmap-2 is associated with L1 signalling.
· Note: the bitmap-3 can be configured at least for the pair of bitmap-1 and bitmap-2 is not associated with L1 signalling.
· FFS configuration of bitmap-3 or other method by RMSI/OSI


Proposal-3: 
· On the RB-symbol-level, the pair(s) of bitmap-1 and bitmap-2 is/are configured: 
· UE can be configured with resource set(s) 
· Alt1: either only per cell or only per BWP
· Alt2: no restriction 
· using common PRB indexing when configured per serving cell 
· the resource set is configured with a given numerology. FFS on conversion of the given numerology to numerology of the active BWP. 
· using UE-specific PRB indexing when configured per BWP 
· the resource set is configured in numerology of a BWP. 


- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
  
Granularity of bitmap-1
As seen above, at least bitmap-1 granularity of one RB will be supported, with support for more coarse granularity being FFS. Any RM rate-matching pattern defined with a more coarse granularity can also be defined with a one-slot granularity, albeit with potentially higher RRC signalling overhead. As the configuration of RM resource sets can be done by UE-specific signalling, we see no strong need for additional granularity levels for bitmap-1 in release 15. Rather, this can be considered as a future optimization if a need should emerge.
Proposal 2.1: Limit bitmap-1 granularity to one RB in release 15

Length of bitmap  2
As seen above, at least bitmap-2 length corresponding to one slot (14 symbols) will be supported, with support for additional bitmap-2 lengths (28 symbols, 56 symbols) being FFS. Similar to bitmap 1 above, we see no strong need for additional bitmap-2 lengths in release 15. 
Proposal 2.2: Limit bitmap-2 length to 14 symbols (one slot) in release 15

Configuration per cell and/or per BWP
RM resource sets are configured as resources around which a UE should assume, potentially depending on DCI, that PDSCH transmissions are rate matched. The intention is to make the corresponding time/frequency resources available for other downlink transmissions typically targeting other devices. There is thus no direct relation between a configured RM resource set and the instantaneously active BWP of the UE configured with the resource set. Thus, there is no reason to configure an RM resource set relative to a specific configured BWP. Rather RM resource sets should be configured relative to the cell.
Proposal 2.3: RM resource sets are configured relative to cells rather than relative to bandwidth parts

Relation to numerology
Resource sets are defined in terms of resource blocks, symbols and slots. These parameters are inherently numerology dependent. Thus, also resource sets are inherently numerology dependent. 
Proposal 2.4: A resource set is defined for a certain numerology and is valid for PDSCH transmissions using that and only that numerology 

Configuration of resource sets
It has been agreed that RM resources sets should be configurable by at least UE-specific RRC configuration. At the same time, for many applications of RM resource sets, the resource sets are in practice relevant for all devices in a cell. Thus, it makes sense to be able to configure RM resources sets also on a cell level, e.g. by means of OSI. 
Proposal 2.5: RM resource sets can be configured by means of OSI in addition to being configured by means of UE-specific RRC signalling
Proposals
Proposal 1:  
For rate matching around LTE CRS, an NR UE can be configured with
· The LTE carrier bandwidth
· The frequency-domain position of the LTE carrier relative to the NR carrier


Proposal 2.1: 	Limit bitmap-1 granularity to one RB in release 15

Proposal 2.2: 	Limit bitmap-2 length to 14 symbols (one slot) in release 15

Proposal 2.3: 	RM resource sets are configured relative to cells rather than relative to bandwidth parts

Proposal 2.4: 	A resource set is defined for a certain numerology and is valid for PDSCH transmissions using that and only that numerology 

Proposal 2.5: 	RM resource sets can be configured by means of OSI in addition to being configured by means of UE-specific RRC signalling
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