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1 Introduction
At the RAN2 #101bis meeting, RAN2 discussed signaling of reserved resources in NR-SIB1 and agreed to send an LS to RAN1 for further information:
	R2-1804983
Defining reserved resources in NR-SIB1
Ericsson
discussion

-
Ericsson understand the UE behaviour is specified in their specs for reserved resourced provided in dedicated signalling.

=>
Draft LS to RAN1 to ask exactly what we need to include in SI to indicate reserved resources and whether the UE behaviour relating to those resources is covered by RAN1 specs (Offline discussion #49, Ericsson). R2-1806440

R2-1806440
[DRAFT][LS to RAN1 on R1-1804983]
Ericsson
LS out
Rel-15
To:RAN1
NR_newRAT-Core

=>
Approved in R2-1806497


Meanwhile, RAN2 received the LS reply from RAN1 in [1]. In this contribution, we discuss our preference on how RAN2 should proceed. 
2 On the necessity of rate-matching resources in NR-SIB1
RAN1 defines rate-matching resources in two ways (see the excerpt of TS 38.214 [2] in Appendix 1):
· PDSCH resource mapping with RB symbol level granularity
· PDSCH resource mapping with RE level granularity
RE level granularity is required, amongst others, for rate-matching the NR PDSCH around LTE CRS where NR and LTE are deployed on the same carrier. RB symbol level granularity, on the other hand, is more akin to LTE MBSFN subframes with the exception that unlike MBSFN subframes, NR rate-matching resources have a time and a frequency component rather than being defined in time domain only like MBSFN subframes. The detailed information required to signal RE level granularity and RB symbol level granularity rate-matching resources were informed to RAN2 in [1].
	· LTE CRS (lte-CRS-ToMatchAround)
· v-Shift 
· nrofCRS-Ports 
· carrierFreqDL
· carrierBandwidthDL
· mbsfn-SubframeConfigList
· Rate-matching bitmaps (RateMatchPattern)

· resourceBlocks (275bits)

· symbolsInResourceBlock (14/28bits)

· periodicityAndPattern (up to 40bits)


Figure 1 and Figure 2 depict how NR UEs can receive broadcast and unicast information before the UE is configured with a dedicated RRC configuration. This comprises broadcast of RMSI, OSI and paging as well as the RAR of the RACH procedure and any other unicast transmission until the UE has a dedicated RRC configuration incl. Msg.4 in case of RACH contention resolution. Note that the PDCCH and PDSCH allocations depicted in Figure 1 and Figure 2 are mandatory without capability signaling and thus supported by all NR UEs (see the excerpt of TS 38.214 [2] in Appendix 2 and the excerpt of the NR UE feature list [3] in Appendix 3). 

In normal LTE DL subframes, the gNB can schedule PDSCH carrying RMSI, OSI, paging, RAR and unicast transmissions before the UE has a dedicated RRC configuration using PDSCH mapping type B (a.k.a. “mini-sots”) on OFDM symbols not carrying CRS as shown in Figure 1.
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Figure 1: PDSCH mapping type B with normal LTE DL subframes
Alternatively, the gNB can schedule PDSCH carrying RMSI, OSI, paging, RAR and unicast transmissions before the UE has a dedicated RRC configuration using PDSCH mapping type A in MBSFN subframes as shown in Figure 2. 
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Figure 2: PDSCH mapping type A with LTE MBSFN subframes
Both these configurations have severe limitations. When using mini-slots/PDSCH mapping type B (cf. Figure 1) the TB size of the PDSCH is severely restricted due to the fact that the PDSCH can span at most two OFDM symbols to fit between OFDM symbols carrying LTE CRS. Especially for SI (RMSI/OSI) this may render this solution infeasible, for example, when the bandwidth of the LTE carrier is small. 
Observation 1: When using mini-slots/PDSCH mapping type B to transmit RMSI, OSI, paging, RAR and unicast transmissions before the UE has a dedicated RRC configuration, the TB size of the PDSCH is severely restricted due to the fact that the PDSCH can span at most two OFDM symbols to fit between OFDM symbols carrying LTE CRS

Alternatively, when MBSFN subframes are used (cf. Figure 2) the LTE peak throughput on the shared carrier is severely limited as LTE MBSFN subframes are semi-statically configured and broadcasted in the system information and more importantly, LTE UEs cannot receive data incl. SI in MBSFN subframes. 

Observation 2: When using MBSFN subframes to transmit RMSI, OSI, paging, RAR and unicast transmissions before the UE has a dedicated RRC configuration, the LTE peak throughput on the shared carrier is severely limited. 

Figure 3 and Figure 4 show how these restrictions can be significantly alleviated by including LTE CRS rate-matching information in the NR-SIB1 to allow rate-matching of NR PDSCH for OSI, paging, RAR and unicast transmissions before the UE has a dedicated RRC configuration. 

Figure 3 depicts NR PDSCH mapping type A with LTE CRS rate-matching. Obviously, there is no TBS restriction because the PDSCH can span all symbols in a slot. Moreover, these subframes can dynamically be allocated to either LTE or NR due to the presence of LTE CRS. 

Note that in Figure 3 the NR PDCCH is restricted to a single OFDM symbol. This could lead to severe coverage limitations in carriers where NR PDCCH with aggregation level 8 or 16 does not fit into a single OFDM symbol as is the case, for example, in 5MHz carriers. Using PDSCH mapping type B with LTE CRS rate-matching allows to increase the PDCCH span to two symbols thereby allowing aggregation level 8 or 16 even in 5MHz carriers. Note that the PDCCH and PDSCH allocations depicted in Figure 4 are mandatory without capability signaling and thus supported by all NR UEs (see the excerpt of TS 38.214 [2] in Appendix 2 and the excerpt of the NR UE feature list [3] in Appendix 3).

We thus propose that LTE CRS rate-matching information is included in NR-SIB1 to address the severe TBS restriction for OSI, paging, RAR and unicast transmissions before the UE has a dedicated RRC configuration and allow flexible scheduling of LTE and NR OSI, paging, RAR and unicast transmissions before the UE has a dedicated RRC configuration. 

Proposal 1: LTE CRS rate-matching information is included in NR-SIB1 to address the severe TBS restriction for OSI, paging, RAR and unicast transmissions before the UE has a dedicated RRC configuration and allow flexible scheduling of LTE and NR OSI, paging, RAR and unicast transmissions before the UE has a dedicated RRC configuration
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Figure 3: PDSCH mapping type A with LTE CRS rate-matching
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Figure 4: PDSCH mapping type B with LTE CRS rate-matching
If RAN2 cannot agree on signaling LTE CRS rate-matching information in NR-SIB1, at least RB symbol level granularity rate-matching information should be included in NR-SIB1. RB symbol level granularity still addresses the issues discussed above, namely, the NR TBS restrictions for OSI, paging, RAR and unicast transmissions before the UE has a dedicated RRC configuration and the peak throughput reduction for LTE, however, the spectral efficiency of using  RB symbol level granularity is slightly lower as for RE level granularity as illustrated in Figure 5.
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Figure 5: PDSCH mapping type A with symbol level rate-matching resources
3 Conclusion

At the RAN2 #101bis meeting, RAN2 discussed signaling of reserved resources in NR-SIB1 and agreed to send an LS to RAN1 for further information. RAN2 received the LS reply from RAN1 in [1]. In this contribution, we discuss our preference on how RAN2 should proceed. The following is observed and proposed: 
Observation 1: When using mini-slots/PDSCH mapping type B to transmit RMSI, OSI, paging, RAR and unicast transmissions before the UE has a dedicated RRC configuration, the TB size of the PDSCH is severely restricted due to the fact that the PDSCH can span at most two OFDM symbols to fit between OFDM symbols carrying LTE CRS

Observation 2: When using MBSFN subframes to transmit RMSI, OSI, paging, RAR and unicast transmissions before the UE has a dedicated RRC configuration, the LTE peak throughput on the shared carrier is severely limited. 

Proposal 1: LTE CRS rate-matching information is included in NR-SIB1 to address the severe TBS restriction for OSI, paging, RAR and unicast transmissions before the UE has a dedicated RRC configuration and allow flexible scheduling of LTE and NR OSI, paging, RAR and unicast transmissions before the UE has a dedicated RRC configuration
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5 Appendix 1

	5.1.4.1
PDSCH resource mapping with RB symbol level granularity

A UE may be configured with any of the higher layer parameters indicating REs declared as not available for PDSCH:

-
rateMatchPatternToAddModList given by PDSCH-Config configuring up to 4 RateMatchPattern(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 resourceBlocks given by RateMatchPattern ) with 1RB granularity and a symbol level bitmap spanning one or two slots (higher layer parameters symbolsInResourceBlock given by RateMatchPattern ) for which the reserved RBs apply. The bit equal to 1 in the RB and symbol level bitmaps indicates that corresponding resource is not available for PDSCH. For each pair of RB and symbol level bitmaps, a UE may be configured with a time-domain pattern (higher layer parameter periodicityAndPattern given by RateMatchPattern ) corresponding to a unit equal to a duration of the symbol level bitmap, and bit equal to 1 indicating the pair is present in the unit. The periodicityAndPattern can be {1, 2, 4, 5, 8, 10, 20 or 40} units long, but maximum 40ms. When periodicityAndPattern is not configured for a pair, for the pair spanning two slots, first slot corresponds to even slots, second slot corresponds to odd slots, and for the pair spanning one slot, the slot corresponds to every slot. The pair configured as dynamic by higher layer can be included in one or two groups of resource sets (higher layer parameters rateMatchPatternGroup1and rateMatchPatternGroup2). The rateMatchPatternToAddModList given by ServingCellConfigCommon configuration in numerology µ applies only to PDSCH of the same numerology µ.
-
within a BWP, a frequency domain resource of a CORESET with controlResourceSetIdand time domain resource determined by the higher layer parameters monitoringSlotPeriodicityAndOffset and monitoringSymbolsWithinSlot of search-space-sets associated with the CORESET with a controlResourceSetId. This resource not available for PDSCH can be included in one or two groups of resource sets (higher layer parameters rateMatchPatternGroup1 and rateMatchPatternGroup2 ).

-
rateMatchPatternToAddModList given by ServingCellConfigCommon configuring up to 4 RateMatchPattern(s) which may contain:

-
within a serving cell, a pair of reserved resources in numerology µ configured by higher layer parameter subcarrierSpacing given by RateMatchPattern is indicated by an RB level bitmap (higher layer parameter resourceBlocks) with RB granularity and a symbol level bitmap spanning one or two slots (higher layer parameters symbolsInResourceBlock) 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 periodicityAndPattern) 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 periodicityAndPattern can be {1, 2, 4, 5, 8, 10, 20 or 40} units long, but maximum 40ms. The pair configured as dynamic by higher layer can be included in one or two groups of resource sets (higher layer parameters rateMatchPatternGroup1 and rateMatchPatternGroup2).

A configured group rateMatchPatternGroup1 or rateMatchPatternGroup2 contains a list of RB symbol level resource set indices forming a union of resource-sets not available for PDSCH dynamically if corresponding bit is equal to 1 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 either of the two groups are not available for PDSCH. 

For a bitmap pair included in one or two groups of resource sets, the dynamic indication of availability for PDSCH applies to a set of slot(s) where the rateMatchPatternToAddModList given by PDSCH-Config and rateMatchPatternToAddModList given by ServingCellConfigCommon is present among the slots of scheduled PDSCH.

When monitored aggregation levels 8 and 16 PDCCH candidates in non-interleaved CORESET spanning one OFDM symbol are having the same CCE starting position, if the detected PDCCH scheduling the PDSCH has aggregation level 8, the resources corresponding to the aggregation level 16 are not available for PDSCH, otherwise the resources corresponding to union of detected PDCCH that scheduled the PDSCH and associated PDCCH DM-RS are not available for PDSCH.

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-CRS-ToMatchAround in ServingCellConfigCommon  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 v-Shift consisting of LTE-CRS-vshift(s), nrofCRS-Ports consisting of LTE-CRS antenna ports 1, 2 or 4 ports, carrierFreqDL representing the LTE carrier centre subcarrier location determined by offset from (reference) point A, carrierBandwidthDL representing the LTE carrier bandwidth, and may also configure mbsfn-SubframeConfigList representing MBSFN subframe configuration.

-
within a BWP, the UE can be configured with one or more ZP CSI-RS resource set configuration(s) (higher layer parameter zp-CSI-RS-ResourceToAddModList in ZP-CSI-RS-ResourceSet), with each ZP-CSI-RS resource set consisting of at most 16 ZP CSI-RS resources (higher layer parameter ZP-CSI-RS-Resource) in numerology of the BWP. The following parameters are configured via higher layer signaling for each ZP CSI-RS resource configuration:

-
zp-CSI-RS-ResourceId in ZP-CSI-RS-Resource  determines ZP CSI-RS resource configuration identity.
-
NrofPorts defines the number of CSI-RS ports, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
-
CDMType defines CDM values and pattern, 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 7.4.1.5 of [4, TS 38.211]. If the configured bandwidth is larger than the corresponding BWP, UE shall assume that the actual CSI-RS bandwidth is equal to the BWP size.
-
resourceMapping given by ZP-CSI-RS-Resource 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]. 
-
periodicityAndOffset in ZP-CSI-RS-Resource defines the ZP-CSI-RS periodicity and slot offset for periodic/semi-persistent ZP-CSI-RS. 

-
resourceType in ZP-CSI-RS-ResourceSet defines the ZP-CSI-RS time domain behavior of ZP-CSI-RS resource configuration as described in Subclause 7.4.1.5 of [4, TS 38.211]. The ZP-CSI-RS-ResourceConfigType can be periodic, semi-persistent or aperiodic. All the resources in a ZP CSI-RS resource set are configured with the same ZP-CSI-RS-ResourceConfigType ('periodic', 'semi-persistent', 'aperiodic').

The UE may be configured with a DCI field for triggering the aperiodic ZP-CSI-RS. A list of ZP-CSI-RS-ResourceSet(s), provided by higher layer parameter aperiodic-ZP-CSI-RS-ResourceSetsToAddModList in PDSCH-Config , is configured for aperiodic triggering. The maximum number of aperiodic ZP-CSI-RS-ResourceSet(s) configured per BWP is 3. The bit-length of DCI field ZP CSI-RS trigger depends on the number of aperiodic ZP-CSI-RS-ResourceSet(s)configured (up to 2 bits). Each non-zero codepoint of ZP CSI-RS trigger in DCI triggers one aperiodic ZP-CSI-RS-ResourceSet in the list aperiodic-ZP-CSI-RS-ResourceSetsToAddModList by indicating the aperiodic ZP CSI-RS resource set ID. The DCI codepoint '01' triggers the resource set with ZP-CSI-RS-ResourceSetIds = 1, the DCI codepoint '10' triggers the resource set with ZP-CSI-RS-ResourceSetIds = 2, and the DCI codepoint '11' triggers the resource set with ZP-CSI-RS-ResourceSetIds = 3. Codepoint '00' is reserved for not triggering aperiodic ZP CSI-RS.

For a UE configured with the higher layer parameter resourceType set to 'semiPersistent ', a list of ZP-CSI-RS-ResourceSet(s), provided by higher layer parameter sp-ZP-CSI-RS-ResourceSetsToAddModList, is configured 
-
when the HARQ-ACK corresponding to the PDSCH carrying the activation command [10, TS 38.321] for ZP CSI-RS resource(s) transmitted in slot n, the corresponding action in [10, TS 38.321] and the UE assumption on the PDSCH RE mapping corresponding to the activated ZP CSI-RS resource(s) shall be applied starting from slot [image: image7.png]jrams
n+ 3N




.

-
when the HARQ-ACK corresponding to the PDSCH carrying the deactivation command [10, TS 38.321] for activated ZP CSI-RS resource(s) in slot n, the corresponding action in [10, TS 38.321] and the UE assumption on cessation of the PDSCH RE mapping corresponding to the de-activated ZP CSI-RS resource(s) shall be applied starting from slot [image: image9.png]jrams
n+ 3N
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6 Appendix 2
	Table 5.1.2.1.1-2: Default PDSCH time domain resource allocation A for normal CP 
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7 Appendix 3
	3.DL control channel and procedure
	3-1
	Basic DL control channel
	1) One UE-specific configured CORESET per BWP per cell in addition to CORESET0

- CORESET resource allocation of 6RB bit-map and duration of 1 – 3 OFDM symbols for FR1

- For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSSs, CORESET resource allocation of 6RB bit-map and duration 1-3 OFDM symbols for FR2

- For type 1 CSS with dedicated RRC configuration and for type 3 CSS, UE specific SS, CORESET resource allocation of 6RB bit-map and duration 1-2 OFDM symbols for FR2

- REG-bundle sizes of 2/3 RBs or 6 RBs

- Interleaved and non-interleaved CCE-to-REG mapping

- Precoder-granularity of REG-bundle size 

- PDCCH DMRS scrambling determination

- Single TCI state for a CORESET configuration

2) CSS and USS configurations for unicast PDCCH transmission per BWP per cell

- PDCCH aggregation levels 1, 2, 4, 8, 16

- For type 1 with dedicated RRC configuration, type 3, and UE-SS, the monitoring occasion is within the first 3 OFDM symbols of a slot

- For type 1 without dedicated RRC configuration and for type 0, 0A, and 2, the monitoring occasion can be any OFDM symbol(s) of a slot
3) Monitoring DCI formats 0_0, 1_0, 0_1, 1_1

4) Number of PDCCH blind decodes per slot with a given SCS follows Case 1-1 table

5) Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot per scheduled CC for FDD

6) Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot per scheduled CC for TDD




Text

	5. Scheduling/HARQ  operation
	5-1
	Basic scheduling/HARQ operation
	1) Frequency-domain resource allocation

- RA Type 0 only and Type 1 only for PDSCH without interleaving

- RA Type 1 for PUSCH without interleaving

2) Time-domain resource allocation

- 1-14 OFDM symbols for PUSCH once per slot 

- Starting symbol, and duration are determined by using the DCI

- PDSCH mapping type A with 7-14 OFDM symbols

- PUSCH mapping type A and type B

- For type 1 without dedicated RRC configuration and for type 0, 0A, and 2, PDSCH mapping type A with {4-14} OFDM symbols and type B with {2, 4, 7} OFDM symbols
3) TBS determination

4) Nominal UE processing time for N1 and N2 (Capability #1)

5) HARQ process operation with configurable number of DL HARQ processes of up to 16

6) Cell specific RRC configured UL/DL assignment for TDD
7) Dynamic UL/DL determination based on L1 scheduling DCI with/without cell specific RRC configured UL/DL assignment
8) Intra-slot frequency-hopping for PUSCH scheduled by Type 1 before RRC connection 

9) In TDD support at most one switch point per slot for actual DL/UL transmission(s)


