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1 Introduction
At the last RAN1 #91 meeting, the feature lead presented the following proposal:
	Proposal 3-2: The generic RB-symbol level configuration per cell and RE-level-pattern of CRS per [cell] can be configured also by |RMSI or OSI] in addition to UE-specific RRC

•             FFS max number of generic RB-symbol level that can be configured by [RMSI or OSI]

•             FFS whether bitmap-1 applies for RB-symbol level that can be configured by [RMSI or OSI]


Due to its relevance to NR standalone operation, the decision was postponed by the Chairman. In this contribution, we present our view on including rate matching information into the NR system information. 
2 Rate matching aspects for NR standalone operation
The NSA version of the Rel. 15 NR specifications defines four types of reserved resources (see Appendix): 
· BWP-specific reserved resources with RB symbol level granularity (Section 5.1.4.1 of [1])

· Cell-specific reserved resources with RB symbol level granularity (Section 5.1.4.1 of [1])

· RE level reserved resources for LTE CRS rate matching (Section 5.1.4.2 of [1])

· RE level reserved resources for NR CSI-RS rate matching (Section 5.1.4.2 of [1])

For NSA operation, these can be provided by dedicated RRC signaling. Similarly, for SA operation, these can be configured to the UE after RRC connection setup is complete, likewise via dedicated RRC signaling. In SA operation, however, and unlike in NSA operation, a UE may also camp on an NR carrier in RRC_IDLE mode. Obviously, a UE in RRC_IDLE mode does not have a valid RRC connection and hence, per the NSA version of the Rel. 15 NR specifications, idle mode UEs cannot rate match PDSCH transmissions, e.g., for paging, RMSI/OSI, or RACH, neither on the RB symbol level nor the RE level. 
Although the name was changed from forward compatible resources to reserved resources and their functionality was merged with that of rate matching a PDSCH around a set of CORESETs, ensuring forward compatibility remains a signature use case of reserved resources. For example, in the time domain, new features such as integrated access and backhaul (IAB) [3] or MBMS may be multiplexed with Rel. 15 eMBB traffic and similarly, novel applications like URLLC or mMTC (but also NB-IoT or eMTC) may have to coexist with NR Rel. 15 systems in the frequency domain. 

In order to not severely limit or constrain system operation for idle mode UEs, e.g., when scheduling paging, RACH, or RMSI/OSI, it is important that the UE even in RRC_IDLE mode is aware of any reserved resources so it can properly rate match the corresponding PDSCH around them. We thus propose that both RB symbol level and RE level reserved resources can be broadcasted in the system information. For the RB symbol level granularity (Section 5.1.4.1 of [1]), it suffices to configure the reserved resources for the initial DL BWP as this is all the UE knows/needs while in RRC_IDLE mode or during RRC connection setup. 
For the RE level granularity, CRS rate matching information can be included in the SI, however, using mini-slots or rate matching OFDM symbols containing LTE CRS according to Section 5.1.4.1 of [1] is also possible. 

In LTE, CSI-RS was introduced in Rel. 10. Hence, SI, which has to be backward compatible with Rel. 8, is not rate matched around CSI-RS. Rather, CSI-RS punctures PDSCH for common channels. In NR, where CSI-RS was introduced from the onset, CSI-RS can be broadcasted in early SIBs of the SI such that later SIBs, especially the ones for idle mode operation, which tend to be large, can be rate matched properly. Hence, the following is proposed:

Proposal 1: Both RB symbol level and RE level reserved resources can be broadcasted in the system information
· Send an LS to RAN2 informing them of the decision
3 Rate matching aspects for NR non-standalone operation
In the latest version of TS 38.211 [2], several sections refer to Section 4.4.3 for a definition of reserved resource elements, namely:
· 6.3.3.2

· 6.4.1.2.2.1

· 7.3.1.5

· 7.4.1.5.3

Section 4.4.3 of TS 38.211, however, does not seem to contain any definition of reserved resource elements. It should be clarified whether (a) Section 4.4.3 is incomplete or (b) the reference is wrong, e.g., whether Section 5.1.4 of 38.214 [1] should be referenced instead.

Proposal 2: In the latest version of TS 38.211 [2], in Sections 6.3.3.2, 6.4.1.2.2.1, 7.3.1.5, and 7.4.1.5.3, when Section 4.4.3 is referenced for a definition of reserved resource elements, clarify whether (a) Section 4.4.3 is incomplete or (b) the reference is wrong, e.g., whether Section 5.1.4 of 38.214 [1] should be referenced instead.
4 Conclusion

In this contribution, we presented our views on including rate matching information into the NR system information. The following is proposed:
Proposal 1: Both RB symbol level and RE level reserved resources can be broadcasted in the system information
· Send an LS to RAN2 informing them of the decision

Proposal 2: In the latest version of TS 38.211 [2], in Sections 6.3.3.2, 6.4.1.2.2.1, 7.3.1.5, and 7.4.1.5.3, when Section 4.4.3 is referenced for a definition of reserved resource elements, clarify whether (a) Section 4.4.3 is incomplete or (b) the reference is wrong, e.g., whether Section 5.1.4 of 38.214 [1] should be referenced instead.
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6 Appendix 
The following is an excerpt from [1].
	5.1.4
PDSCH resource mapping 

The REs corresponding to the union of configured or dynamically indicated resources in Subclauses 5.1.4.1 and 5.1.4.2 are rate-matched by UE's PDSCH.

5.1.4.1
PDSCH resource mapping with RB symbol level granularity

To decode PDSCH according to a decoded PDCCH, a UE may be configured with any of the higher layer parameters:

-
Resource-set-BWP configuring up to [4] rate-match-PDSCH-resource-set(s) which may contain:

-
within a BWP, a pair of reserved resources. in numerology. of the BWP indicated by an RB level bitmap (higher layer parameter rate-match-PDSCH-bitmap1) with 1RB granularity and a symbol level bitmap spanning one or two slots (higher layer parameters rate-match-PDSCH-bitmap2) for which the reserved RBs apply. For each pair of RB and symbol level bitmaps, a UE may be configured with a time-domain pattern (higher layer parameter rate-match-PDSCH-bitmap3) corresponding to a unit equal to a duration of the symbol level bitmap, and indicating whether the pair is present in the unit or not. The rate-match-PDSCH-bitmap3can be {1, 5, 10, [20 or 40]} units long. UE disregards configured rate-match-PDSCH-bitmap3 when the pair of RB and symbol level bitmaps is configured as dynamic. The pair configured as dynamic by higher layer can be included in one or two groups of resource sets (higher layer parameters Resource-set-group-1 and Resource-set-group-2).

-
within a BWP, a frequency domain resource of a CORESET with CORESET-ID [and time domain resource determined by the higher layer parameters monitoring-offset-PDCCH-slot and monitoring-periodicity-PDCCH-slot and monitoring-symbols-PDCCH-within-slot of search-space-sets associated with the CORESET with a CORESET ID]. This rate-matching resource set can be included in one or two groups of resource sets (higher layer parameters Resource-set-group-1 and Resource-set-group-2).

-
Resource-set-cell configuring up to 4 rate-match-PDSCH-resource-set(s) which may contain:

-
within a serving cell, a pair of reserved resources. in a given numerology. is indicated by an RB level bitmap (higher layer parameter rate-match-PDSCH-bitmap1) with RB granularity and a symbol level bitmap spanning one or two slots (higher layer parameters rate-match-PDSCH-bitmap2) for which the reserved RBs apply. For each pair of RB and symbol level bitmaps, a UE may be configured with a time-domain pattern (higher layer parameter rate-match-PDSCH-bitmap3) corresponding to a unit equal to a duration of the symbol level bitmap, and indicating whether the pair is present in the unit or not. The rate-match-PDSCH-bitmap3can be {1, 5, 10, [20 or 40]} units long. UE disregards configured rate-match-PDSCH-bitmap3 when the pair of RB and symbol level bitmaps is configured as dynamic. The pair configured as dynamic by higher layer can be included in one or two groups of resource sets (higher layer parameters Resource-set-group-1 and Resource-set-group-2).

A configured group Resource-set-group-1 or Resource-set-group-2 contains a list of RB symbol level resource set indices forming a union of resource-sets rate-matched dynamically if corresponding bit in the PDCCH with a scheduling DCI. The REs corresponding to the union of configured RB-symbol level resource-sets that are not included in neither of two groups are rate-matched by UE's PDSCH. To decode PDSCH a UE's PDSCH rate-matches around the REs corresponding to detected PDCCH that scheduled the PDSCH.

A UE is not expected to handle the case where PDSCH DM-RS REs are overlapping, even partially, with any RE(s) indicated by the rate-matching configuration rate-match-PDSCH-resource-set and rate-match-resources-v-shift and rate-match-resources-antenna-port and rate-match-CORESET.

5.1.4.2
PDSCH resource mapping with RE level granularity

To decode PDSCH according to a decoded PDCCH, a UE may be configured with any of higher layer parameters:

-
LTE-carrier configuring common RS, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE carrier in a serving cell. The configuration contains rate-match-resources-v-shift consisting of LTE-CRS-vshift(s), rate-match-resources-numb-LTE-CRS-antenna-port consisting of LTE-CRS antenna ports 1, 2 or 4 ports, rate-match-centre-subcarrier-location representing the LTE carrier centre subcarrier location [determined offset from common subcarrier 0], rate-match-LTE-CRS-BW representing the LTE carrier bandwidth, and may also configure rate-match-LTE-CRS-MBSFN-subframeconfig representing MBSFN subframe configuration.

-
within a BWP, the UE can be configured with one or more zero-power CSI-RS resource configuration(s), in numerology of the BWP, according to the higher layer parameter ZP-CSI-RS-ResourceConfig. The following parameters are configured via higher layer signaling for each zero-power CSI-RS resource configuration:

-
ZP-CSI-RS-ResourceConfigId determines zero-power CSI-RS resource configuration identity.

-
ZP-CSI-RS-Density defines the zero-power CSI-RS frequency density, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].

-
ZP-CSI-RS-FreqBand parameters enabling configuration of frequency occupancy of a ZP-CSI-RS resource within a BWP as defined in Subclause TBD of [4, TS 38.211].

-
ZP-CSI-RS-ResourceMapping defines the OFDM symbol and subcarrier occupancy of the ZP-CSI-RS resource within a slot that are given in Subclause 7.4.1.5 of [4, TS 38.211]. 
-
ZP-CSI-RS-timeConfig defines the ZP-CSI-RS periodicity and slot offset for periodic/semi-persistent ZP-CSI-RS. The allowable periodicity values of are given in Subclause [TBD] of [4, TS 38.211]. 

-
ZP-CSI-RS-ResourceConfigType defines the ZP-CSI-RS time domain behavior of ZP-CSI-RS resource configuration as described in Subclause [TBD] of [4, TS 38.211].

The ZP-CSI-RS configuration can be periodic and aperiodic. The UE is configured with a DCI field for triggering the aperiodic ZP-CSI-RS.


The following is an excerpt from [2].

	4.4.3
Resource elements
Each element in the resource grid for antenna port 
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 and subcarrier spacing configuration 
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 is called a resource element and is uniquely identified by 
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 is the index in the frequency domain and 
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 refers to the symbol position in the time domain relative to some reference point. Resource element 
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 corresponds to the complex value
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. When there is no risk for confusion, or no particular antenna port or subcarrier spacing is specified, the indices 
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 may be dropped, resulting in 
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6.3.3.2
Mapping to physical resources

The preamble sequence shall be mapped to physical resources according to
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where physical resources overlapping resources declared as ‘reserved’ according to clause 4.4.3 shall be counted in the mapping process but not used for transmission, 
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 is an amplitude scaling factor in order to conform to the transmit power specified in [5, TS38.213], and 
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6.4.1.2.2.1
Mapping to physical resources if transform precoding is not enabled

The UE shall transmit phase-tracking reference signals only in the resource blocks used for the PUSCH, and only if the procedure in [6, TS 38.214] indicates phase-tracking reference signals being used.

The PUSCH PT-RS shall be mapped to physical resources according to
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when all the following conditions are fulfilled

-     [image: image16.wmf]l

 is within the OFDM symbols allocated for the PUSCH transmission

-     resource element [image: image17.wmf](
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 is not used for DM-RS  

Resource elements declared as ‘reserved’ according to clause 4.4.3 shall be counted in the mapping process but not used for transmission.

[…]

7.3.1.5
Mapping to virtual resource blocks

The UE shall, for each of the antenna ports used for transmission of the physical channel, assume the block of complex-valued symbols 
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 conform to the downlink power allocation specified in [6, TS 38.214] and are mapped in sequence starting with 
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 to resource elements 
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 in the virtual resource blocks assigned for transmission which meet all of the following criteria: 

-
they are in the virtual resource blocks assigned for transmission. 

-
they are declared as available for PDSCH according to [clause 5.1.2.2.3 of TS38.214]

-
the corresponding resource elements in the corresponding physical resource blocks are
-
not used for transmission of the associated DM-RS or DM-RS intended for other co-scheduled UEs as described in clause 7.4.1.1.2

-
not used for zero-power or non-zero-power CSI-RS according to clause 7.4.1.5

-
not used for PT-RS according to clause 7.4.1.2

-
not reserved for SS/PBCH according to [clause 5.1 of TS 38.214]

-
not declared as ‘reserved’ according to clause 4.4.3
[…]

7.4.1.5.3
Mapping to physical resources
For each CSI-RS component configured, the UE shall assume the sequence 
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 being mapped to physical resources according to 
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Resource elements overlapping with a configured CORESET or declared as ‘reserved’ according to clause 4.4.3 shall be counted in the mapping process but not assumed to be used for transmission of CSI-RS.
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