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1
Introduction

In RAN1#97, it was agreed to continue evaluation of the CAS reception with some additional considerations [1], which include Monte Carlo based path loss model, handover margin of 1dB and coverage probability of 95% and 99%. In this contribution, we provide the results from the simulations based on these agreements and we propose enhancements needed to achieve the coverage objectives. 
2
System level evaluation of CAS reception
In this section, we present the system level evaluation of the CAS reception according to the Monte Carlo pathloss and SNR calculation algorithm described in [2]. The objective is to determine the SNR levels required to provide the coverage probability of 95% and 99%. We focused on the car-mounted receiver in LPLT and MPMT network, with the sectors of the same eNB forming SFN transmission and non-SFN transmission between differet eNBs.  Figure 1 shows the results.
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Figure 1 – CAS SNR in fading channel

Observation 1: LPLT is the more limiting scenario in terms of SNR requirements.
Observation 2: For LPLT,  95th and 99th percentile SNR is -3.2dB and -5.9dB, respectively.  

Observation 3: For MPMT, 95th and 99th percentile SNR is -1.2dB and -3.7dB, respectively.  
3
Analysis of PDDCH reception

In this section, we evaluate the minimum requirements for PDCCH reception based on the link level simulations. The objective is to set the SNR targets for system level evaluation of the CAS reception. This evaluation is equivalent to what was presented in [2].
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Figure 2 – Link level evaluation of PDCCH reception for CAS in LPLT network with car mounted rx
Figure 2 shows the link level evaluation of the PDCCH for LPLT network with car mounted receiver.

Observation 4: With the maximum PDCCH CCE aggregation level of 8, PDCCH reception in LPLT networks would be feasible with 1% BLER across 95% of the area, with a very small margin. 

Observation 5: For the 99% coverage with 1% BLER, the maximum PDCCH CCE aggregation level of 8 would not be enough. With the PDCCH CCE aggregation level extended to 16, PDCCH reception in LPLT networks would be feasible across 99% of the area.
Proposal 1: PDCCH with aggregation level 16 is specified. 
4
Analysis of PBCH reception  
In this section, we evaluate the minimum requirements for PDCCH reception based on the link level simulations. The objective is to set the SNR targets for system level evaluation of the CAS reception. Based on the analysis in [2], the following two conclusions were reached:

-
For 95% coverage, cross-TTI combining across 4 TTIs is needed. Note that this introduces a delay of 160ms
-
For 99% coverage, additional PBCH enhancement are needed.

Here, we propose two additional PBCH enhancements aiming at further reducing the SNR requirements for PBCH:

1.
MIB repetition within the PBCH TTI (like eMTC). 
2.
Assigning additional REs in the PBCH region, normally REs reserved for multi-port CRS configurations, to the port-0 CRS (this enhancement is only for 1Tx eNBs, as considered in this work item). This enhancement “comes for free” from the resource utilization point of view, since it uses the CRS resources that are otherwise unused. 
Figure 3 and Figure 4 show the link level evaluation of the proposed PBCH enhancements for Fd = 2Hz (3 kmph) and Fd = 163 Hz (250 kmph), respectively. 
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Figure 3 - Link level evaluation of PBCH enhancements in LPLT network for Fd = 2 Hz (3 kmph)
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Figure 4 - Link level evaluation of PBCH enhancements in LPLT network for Fd = 163 Hz (250 kmph)

Observation 6: For Fd = 2Hz, we need all the proposed PBCH enhancements to successfully decode PBCH at the SNR level of ~ -6dB, corresponding to the 99th percentile SNR for LPLT. 

Observation 7: The UE could selectively take advantage of the enhancements depending on the received SNR level.
Proposal 2: The following enhancements are specified for PBCH:

1.
MIB repetition within the PBCH TTI (like eMTC)

2.
Additional REs for CRS port 0 in the PBCH region, using the reserved REs for other CRS ports.
5
Analysis of PDSCH reception
In this section we analyse the reception of the SIBs on PDSCH. We start by determining the transport block size (TBS) on DL-SCH in the non-MBSFN subframes in a MBMS-dedicated cell. We assume that only SIB1 and SIB13 are of interest for LTE-based 5G broadcast.

Based on the ASN.1 encoding of the SIB1-MBMS message with SIB13 included (see Appendix), the size of the BCCH PDU is 19 octets. This consists of ~13 octets of SIB1 and ~6 octets of SIB13. One additional octet would be needed for additional non-MBSFN subframe configuration.
Observation 8: BCCH PDU size is ~20 octets (160 bits)
According to [3], MAC header size for each MAC SDU for DS-SCH is:
-
Two octets per MAC SDU (i.e. SIB) if multiple MAC SDUs are sent

-
One octet if a single MAC SDU is sent

Since SIB13 is embedded in SIB1, we assume a single BCCH PDU/SIB per MAC PDU.  There is one MAC SDU per TB.

Since BCCH uses TM RLC, the RLC overhead is zero.

Observation 9: MAC + RLC overhead for BCCH over PDSCH is one octet (8 bits)

Based on the above, the MAC SDU size is 168 bits. This would map to the TBS of 176 bits (see [4]).
Observation 10: TBS for BCCH over PDSCH is 176 bits. 

With such a small TBS, PDSCH transmissions should not be considered as a bottleneck with respect to achieving required coverage levels for CAS reception.
Proposal 3: PDSCH shall not be considered as a bottleneck for CAS reception.
6
Conclusion
Below is the summary of the observations and proposals:
Observation 1: LPLT is the more limiting scenario in terms of SNR requirements.

Observation 2: For LPLT,  95th and 99th percentile SNR is -3.2dB and -5.9dB, respectively.  

Observation 3: For MPMT, 95th and 99th percentile SNR is -1.2dB and -3.7dB, respectively.  

Observation 4: With the maximum PDCCH CCE aggregation level of 8, PDCCH reception in LPLT networks with would be feasible with 1% BLER across 95% of the area, with a very small margin. 

Observation 5: For the 99% coverage with 1% BLER, the maximum PDCCH CCE aggregation level of 8 would not be enough. With the PDCCH CCE aggregation level extended to 16, PDCCH reception in LPLT networks would be feasible across 99% of the area.

Observation 6: For Fd = 2Hz, we need all the proposed PBCH enhancements to successfully decode PBCH at the SNR level of ~ -6dB, corresponding to the 99th percentile SNR for LPLT. 

Observation 7: The UE could selectively take advantage of the enhancements depending on the received SNR level.

Observation 8: BCCH PDU size is ~20 octets (160 bits)
Observation 9: MAC + RLC overhead for BCCH over PDSCH is one octet (8 bits)

Observation 10: TBS for BCCH over PDSCH is 176 bits.
Proposal 1: PDCCH with aggregation level 16 is specified. 

Proposal 2: The following enhancements are specified for PBCH:

1.
MIB repetition within the PBCH TTI (like eMTC)

2.
Additional REs for CRS port 0 in the PBCH region, using the reserved REs for other CRS ports.

Proposal 3: PDSCH shall not be considered as a bottleneck for CAS reception.
Appendix: ASN encoding of SIB1-MBMS/SIB13

Below is the ASN.1 encoding (see [5]) of SIB-1MBMS with SIB13. No additional non-MBSFN subframes are assumed for this case. One additional octet would be needed if additional non-MBSFN subframes were configured.
Standard Specification Version: 3GPP TS36.331 Rel15 V15.4.0
Message name: BCCH-DL-SCH-Message-MBMS
Message PDU(19 octets):48000000000000000000000000000000000000
             BCCH-DL-SCH-Message-MBMS:
              message(BCCH-DL-SCH-MessageType-MBMS-r14):
48 0.......    BCCH-DL-SCH-MessageType-MBMS-r14 = 0 :c1
   .1......     c1 = 1 :systemInformationBlockType1-MBMS-r14 (with SIB13)
                 SystemInformationBlockType1-MBMS-r14:
   ..0.....       multiBandInfoList-r14 = 0 :Absent
   ...0....       nonMBSFN-SubframeConfig-r14 = 0 :Absent
   ....1...       systemInformationBlockType13-r14 = 1 :Present
   .....0..       cellAccessRelatedInfoList-r14 = 0 :Absent
   ......0.       nonCriticalExtension = 0 :Absent
                  cellAccessRelatedInfo-r14:
                   plmn-IdentityList-r14(PLMN-IdentityList-MBMS-r14):
   .......0         No. of PLMN-IdentityList-MBMS-r14 = 0 :0 + 1 = 1
00 00......
                    PLMN-Identity:
   ..0.....          mcc = 0 :Absent
                     MNC:
   ...0....           No. of MNC = 0 :0 + 2 = 2
                      MCC-MNC-Digit[1]:
   ....0000            MCC-MNC-Digit = 0
                      MCC-MNC-Digit[2]:
00 0000....            MCC-MNC-Digit = 0
                   trackingAreaCode-r14(TrackingAreaCode):
   ....0000         TrackingAreaCode = 0000000000000000b
00 00000000
00 0000....
                   cellIdentity-r14(CellIdentity):
   ....0000         CellIdentity = 0000000000000000000000000000b
00 00000000
00 00000000
00 00000000
                  freqBandIndicator-r14(FreqBandIndicator-r11):
00 00000000        FreqBandIndicator-r11 = 0 :0 + 1 = 1
                  SchedulingInfoList-MBMS-r14:
00 00000...        No. of SchedulingInfoList-MBMS-r14 = 0 :0 + 1 = 1
                   SchedulingInfo-MBMS-r14:
   .....000         si-Periodicity-r14 = 0 :rf16
                    sib-MappingInfo-r14(SIB-MappingInfo-MBMS-r14):
00 00000...          No. of SIB-MappingInfo-MBMS-r14 = 0
   .....000       si-WindowLength-r14 = 0 :ms1
00 00000...       systemInfoValueTag-r14 = 0
                  pdsch-ConfigCommon-r14(PDSCH-ConfigCommon):
   .....000        referenceSignalPower = 0 :0 - 60 = -60
00 0000....
   ....00..        p-b = 0
                  systemInformationBlockType13-r14(SystemInformationBlockType13-r9):
   ......0.        Extension of SystemInformationBlockType13-r9 = 0 :Absent
   .......0        lateNonCriticalExtension = 0 :Absent
                   MBSFN-AreaInfoList-r9:
00 000.....         No. of MBSFN-AreaInfoList-r9 = 0 :0 + 1 = 1
                    MBSFN-AreaInfo-r9:
   ...0....          Extension of MBSFN-AreaInfo-r9 = 0 :Absent
                     mbsfn-AreaId-r9(MBSFN-AreaId-r12):
   ....0000           MBSFN-AreaId-r12 = 0
00 0000....
   ....0...          non-MBSFNregionLength = 0 :s1
   .....000          notificationIndicator-r9 = 0
                     mcch-Config-r9:
00 00......           mcch-RepetitionPeriod-r9 = 0 :rf32
   ..0000..           mcch-Offset-r9 = 0
   ......0.           mcch-ModificationPeriod-r9 = 0 :rf512
  






 mcch-Config-v1430:

   .......0            mcch-RepetitionPeriod-v1430

00 00......           

..0000..



  mcch-ModificationPeriod-v1430

......0.



 subcarrierSpacingMBMS-r14
   .......0           sf-AllocInfo-r9 = 000000b
00 00000...
   .....00.           signallingMCS-r9 = 0 :n2
                   notificationConfig-r9(MBMS-NotificationConfig-r9):
   .......0         notificationRepetitionCoeff-r9 = 0 :n2
00 0000....         notificationOffset-r9 = 0
   ....000.         notificationSF-Index-r9 = 0 :0 + 1 = 1






 notificationConfig-r14(MBMS-NotificationConfig-r14):

   .......0  

  notificationSF-Index-r14 = 0 :0 + 1 = 1
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