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1. Introduction
In RAN plenary #83 meeting, new work item on 5G terrestrial broadcast was approved [1]. The objectives of the core part of this WI are as follows:
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Some of physical layer specifications are still under discussion in RAN1, hence in this paper, we focus on RRM core requirement and present high-level discussion with our preliminary analysis. 
2. Discussion

Idle/connected mode measurement requirements
In Rel-14 and priori release MBSFN, measurement report period is defined as MAX(640 ms, period during which the UE decodes 5 subframes containing PMCH transmissions). The same requirement is applied to RSRP and RSRQ. MCH BLER measurement period is equal to the MBSFN logging interval configured by higher layers.
For 5G broadcast, in long CP length MBSFN applications (rooftop scenarios), since low/no mobility is considered, legacy report period is sufficient. However, in 5G broadcast we do not have notion of subframe, and one symbol is 3ms, in the same order as subframe in 15kHz SCS, hence we propose measurement period of MAX(640 ms, period during which the UE decodes 5 symbols containing PMCH transmissions).
Observation 1: Long numerology symbol length is close to subframe length in legacy eMBMS. 
Proposal 1: Set measurement peiord of MAX(640 ms, period during which the UE decodes 5 symbols containing PMCH transmissions) for long numerology 5G broadcast.
For short CP length MBSFN applications (high mobility scenarios), the symbol length is 0.5ms. In legacy MBSFN, 5 subframe report period length is equivalent to 10 symbols in short CP. Therefore, measurement period can set to MAX(640 ms, period during which the UE decodes 10 symbols containing PMCH transmissions).
Observation 2: Short numerology symbol length is the same as half subframe length in legacy eMBMS. 

Proposal 2: Set measurement peiord of MAX(640 ms, period during which the UE decodes 10 symbols containing PMCH transmissions) for long numerology 5G broadcast.

Since MCH BLER report period is configurable by higher layers in legacy eMBMS, 5G broadcast can follow the same requirement as legacy eMBMS, i.e., following the MBSFN logging interval.
Observation 3: MCH BLER report period is configurable by higher layers in legacy eMBMS.
Proposal 3: 5G broadcast MCH BLER report period is given by MBSFN logging interval configured by higher layer, same as legacy eMBMS.

Cell identification and detection requirement
When unicast on Pcell is configured, mobility and RRM can be handled by unicast Pcell. After UE camped on Pcell, UE can search and decode SIB from MBSFN cell, no additional requirement is needed, same as Rel-14. For MBSFN on Pcell, since it is a downlink only mode without UL reporting capability, no requirement is needed in this case. 
Observation 4: When unicast on Pcell is configured, mobility and RRM can be handled by unicast Pcell.
Observation 5: MBSFN on Pcell is a downlink only mode without UL reporting capability.

Proposal 4: Following legacy eMBMS, no cell identification and detection requirement is needed for 5G broadcast. 
Phase synchronization accuracy
In Rel-14, the maximum absolute deviation in frame start timing between any pair of cells that have overlapping coverage areas in the same MBSFN area is listed in the following table:
	CP length for MBSFN subframe
	Requirement 

	16.67µs
	( 5 (s

	33.33µs
	( 5 (s

	200µs
	( 5 (s


Table 2‑1 Legacy cell phase synchronization requirement for MBMS services
Although we have larger CP length in 5G broadcast, the ISD being considered is also significantly larger. Therefore, phase synchronization between cells with overlapped coverage in the same MBSFN area should be kept the same as Rel-14, to maintain the desired demod performance.
	CP length for MBSFN subframe
	Requirement 

	100µs
	( 5 (s

	300µs
	( 5 (s


Table 2‑2 Cell phase synchronization requirement for 5G broadcast
Observation 6: Both CP length and ISD are larger in 5G broadcast.

Proposal 5: Follow legacy eMBMS phase synchronization accuracy requirement, as in Table 2‑2.
Numerology change interruption
In 5G broadcast, we have two different numerologies, the long symbol duration for rooftop scenario and short symbol duration for high mobility scenario. Since the two numerologies are corresponding to two different application scenarios, we don’t expect UE to switch between reception of these two numerologies when it is running applications required seamless connection. Therefore, the requirement for numerology change interruption is not needed for 5G broadcast. 

Observation 7: In 5G broadcast, two different numerologies are dedicated for different application scenarios, switching between numerologies when running applications with seamless connection requirement is rare.
Proposal 6: The requirement for numerology change interruption is not needed for 5G broadcast.
Measurement report mapping
RSRP is calculated by averaging RS RE power. The number of RS REs in eMBMS is one subframe is 3(RS symbol per subframe)x6(RE per symbol in one RB)x50(RB in 10MHz) = 900. One the other hand, in 5G broadcast, the number of RS REs:
· In long numerology: 486/12(Df*Dt)*50(RB in 10MHz) = 6075 REs. Dt is still FFS in RAN1 but is expected to be not too far from 4. The symbol length is 3ms hence it is expected that RS calculation would not take samples more than 1 symbol.
· In short numerology: 72/4(Df*Dt)*50(RB in 10MHz)*2(2 symbols in 1ms) = 1800 REs.
Since the number of RS REs are larger than eMBMS, we do not expect RSRP measurement accuracy change in 5G broadcast, the eMBMS RSRP accuracy requirement can be applied to 5G broadcast. 
Observation 8: Number of RS REs in 5G broadcast are larger than eMBMS.
Proposal 7: The legacy eMBMS RSRP accuracy requirement can be applied to 5G broadcast.

However, the RSRP value depends on numerology: since RSRP is per RE based, the measured RSRP value is proportional to SCS. In 5G broadcast, SCS is smaller, therefore the report mapping interval needs to be adjusted accordingly. The dB value change can be calculated from SCS, following methology in [2] 
· eMBMS RSRP report mapping (36.133 Table 9.8.2.2-1)
	Reported value
	Measured quantity value
	Unit

	MBSFN_RSRP_00
	MBSFN_RSRP ( -140
	dBm / 15 kHz

	MBSFN_RSRP_01
	-140 ( MBSFN_RSRP < -139
	dBm / 15 kHz

	MBSFN_RSRP_02
	-139 ( MBSFN_RSRP < -138
	dBm / 15 kHz

	…
	…
	…

	MBSFN_RSRP_95
	-46 ( MBSFN_RSRP < -45
	dBm / 15 kHz

	MBSFN_RSRP_96
	-45 ( MBSFN_RSRP < -44
	dBm / 15 kHz

	MBSFN_RSRP_97
	-44 ( MBSFN_RSRP
	dBm / 15 kHz


Table 2‑3 Legacy MBSFN RSRP measurement report mapping
· For long numerology with 370.37Hz SCS:
10*log10(15000/370.37) ~ 16

The RSRP value mapping can be derived as following
	Reported value
	Measured quantity value
	Unit

	MBSFN_RSRP_00
	MBSFN_RSRP ( -156
	dBm / 370Hz

	MBSFN_RSRP_01
	-156 ( MBSFN_RSRP < -155
	dBm / 370Hz

	MBSFN_RSRP_02
	-155 ( MBSFN_RSRP < -154
	dBm / 370Hz

	…
	…
	…

	MBSFN_RSRP_95
	-62 ( MBSFN_RSRP < -61
	dBm / 370Hz

	MBSFN_RSRP_96
	-61 ( MBSFN_RSRP < -60
	dBm / 370Hz

	MBSFN_RSRP_97
	-60 ( MBSFN_RSRP
	dBm / 370Hz


Table 2‑4 5G broadcast RSRP measurement report mapping: long numerology
· For short numerology with 2.5kHz SCS:
10*log10(15/2.5) ~ 8
The RSRP value mapping can be derived as following

	Reported value
	Measured quantity value
	Unit

	MBSFN_RSRP_00
	MBSFN_RSRP ( -148
	dBm / 2.5 kHz

	MBSFN_RSRP_01
	-148 ( MBSFN_RSRP < -147
	dBm / 2.5 kHz

	MBSFN_RSRP_02
	-147 ( MBSFN_RSRP < -146
	dBm / 2.5 kHz

	…
	…
	…

	MBSFN_RSRP_95
	-54 ( MBSFN_RSRP < -53
	dBm / 2.5 kHz

	MBSFN_RSRP_96
	-53 ( MBSFN_RSRP < -52
	dBm / 2.5 kHz

	MBSFN_RSRP_97
	-52 ( MBSFN_RSRP
	dBm / 2.5 kHz


Table 2‑5 5G broadcast RSRP measurement report mapping: short numerology
Observation 9: RSRP is per RE based, the measured RSRP value is proportional to SCS.

Proposal 8: For 5G broadcast RSRP measurement with long and short numerology, RSRQ measurement report mapping table is given by Table 2‑4 and Table 2‑5, respectively.
MBSFN RSRQ is defined as the ratio of N× MBSFN RSRP/(MBSFN carrier RSSI), where N is the number of RBs of the MBSFN carrier RSSI measurement bandwidth. Since in RSRQ equation, both RSRP and RSSI are calculated across the measurement bandwidth, changing SCS has little effects on RSRQ measurement accuracy if RSRP accuracy doesn’t change too much.
Proposal 9: Same absolute MBSFN RSRQ measurement accuracy requirement in dB defined for 15 kHz numerology continues to apply for 5G broadcast numerologies, provided that the condition of proposal 2 is satisfied

For RSRQ report mapping, we follows the derivation in [2]. The upper and lower bound of the RSRQ measurement in the legacy eMBMS is defined based on no loading and no noise condition, and full loading with TPR = 0dB and SNR of -12dB, respectively. Following the same condition, the MBSFN RSRQ upperbound and lowerbound for 370.37Hz and 2.5 kHz subcarrier spacing can be given by Table 2‑6.

	
	15 kHz
	370.37Hz
	2.5 kHz

	NRSREperSym
	6
	40
	24

	NRE
	12
	486
	72

	Upperbound, 
[image: image2.wmf]RSRQ

 (Note 1)
	-7.8 dB 
	-16 dB 
	-12.6 dB 

	Lowerbound, 
[image: image3.wmf]RSRQ

 (Note 2)
	-23.1 dB
	-39.1dB
	-30.8 dB

	Note 1: 
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Note 2: 
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Table 2‑6 RSRQ upper/lowerbound for different 5G broadcast numerology
Observation 10: RSRQ report upper/lower bound can be calculated as in Table 2‑6.
With Table 2‑6, we then can calculate the report mapping by evenly distributing the interval between lower and upper bound to the reported values, as listed in Table 2‑7 and Table 2‑8.
	Reported value
	Measured quantity value
	Unit

	MBSFN_RSRQ_00
	MBSFN_RSRQ ( -38
	dB

	MBSFN_RSRQ_01
	-39.0 ( MBSFN_RSRQ < -38.3
	dB

	MBSFN_RSRQ_02
	-38.3 ( MBSFN_RSRQ < -37.6
	dB

	…
	…
	…

	MBSFN_RSRQ_30
	-17.7 ( MBSFN_RSRQ < -17
	dB

	MBSFN_RSRQ_31
	-16 ( MBSFN_RSRQ
	dB


Table 2‑7 RSRQ measurement report mapping for subcarrier spacing of 370.37 Hz
	Reported value
	Measured quantity value
	Unit

	MBSFN_RSRQ_00
	MBSFN_RSRQ ( -31
	dB

	MBSFN_RSRQ_01
	-31 ( MBSFN_RSRQ < -30.4
	dB

	MBSFN_RSRQ_02
	-30.4 ( MBSFN_RSRQ < -29.8
	dB

	…
	…
	…

	MBSFN_RSRQ_30
	-13.6 ( MBSFN_RSRQ < -13
	dB

	MBSFN_RSRQ_31
	-13 ( MBSFN_RSRQ
	dB


Table 2‑8 RSRQ measurement report mapping for MBSFN subcarrier spacing of 2.5k Hz
Proposal 10: For 5G broadcast RSRQ measurement with long and short numerology, RSRQ measurement report mapping table is given by Table 2‑7 and Table 2‑8 respectively.
Demod requirement 
RAN4 should study the following requirements, after RAN1 finalizes the physical layer design
· PMCH decoding performance 
· Long numerology, rooftop scenario

· Short numerology, high mobility scenario
· CAS detection performance, (if needed) in different scenarios
Proposal 11: Study PMCH decoding and CAS detection performance requirement after RAN1 finalize physical layer design.
3. Conclusions

Observation 1: Long numerology symbol length is close to subframe length in legacy eMBMS. 

Proposal 1: Set measurement peiord of MAX(640 ms, period during which the UE decodes 5 symbols containing PMCH transmissions) for long numerology 5G broadcast.

Observation 2: Short numerology symbol length is the same as half subframe length in legacy eMBMS. 

Proposal 2: Set measurement peiord of MAX(640 ms, period during which the UE decodes 10 symbols containing PMCH transmissions) for long numerology 5G broadcast.

Observation 3: MCH BLER report period is configurable by higher layers in legacy eMBMS.
Proposal 3: 5G broadcast MCH BLER report period is given by MBSFN logging interval configured by higher layer, same as legacy eMBMS.

Observation 4: When unicast on Pcell is configured, mobility and RRM can be handled by unicast Pcell.

Observation 5: MBSFN on Pcell is a downlink only mode without UL reporting capability.

Proposal 4: Following legacy eMBMS, no cell identification and detection requirement is needed for 5G broadcast. 
Observation 6: Both CP length and ISD are larger in 5G broadcast.

Proposal 5: Follow legacy eMBMS phase synchronization accuracy requirement, as in Table 2‑2.
Observation 7: In 5G broadcast, two different numerologies are dedicated for different application scenarios, switching between numerologies when running applications with seamless connection requirement is rare.

Proposal 6: The requirement for numerology change interruption is not needed for 5G broadcast.
Observation 8: Number of RS REs in 5G broadcast are larger than eMBMS.

Proposal 7: The legacy eMBMS RSRP accuracy requirement can be applied to 5G broadcast.

Observation 9: RSRP is per RE based, the measured RSRP value is proportional to SCS.

Proposal 8: For 5G broadcast RSRP measurement with long and short numerology, RSRQ measurement report mapping table is given by Table 2‑4 and Table 2‑5, respectively.
Proposal 9: Same absolute MBSFN RSRQ measurement accuracy requirement in dB defined for 15 kHz numerology continues to apply for 5G broadcast numerologies, provided that the condition of proposal 2 is satisfied

Observation 10: RSRQ report upper/lower bound can be calculated as in Table 2‑6.

Proposal 10: For 5G broadcast RSRQ measurement with long and short numerology, RSRQ measurement report mapping table is given by Table 2‑7 and Table 2‑8 respectively.
Proposal 11: Study PMCH decoding and CAS detection performance requirement after RAN1 finalize physical layer design.
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Specify new numerology(ies) for PMCH for support of rooftop reception in MPMT and HPHT-1 scenarios as described in TR 36.776 [RAN1, RAN4]


The new numerology(ies) shall have a cyclic prefix length of at least 300us and a core OFDM symbol duration (excluding cyclic prefix) of at least 2.4ms.


The definition of the new numerology, apart from link/system level performance, shall consider factors such as UE complexity and frame structure alignment with the cell acquisition subframes (CAS).


This objective comprises specifying associated RS pattern(s), MCS, TBS, UE capabilities for the new numerology(ies).


RAN1 should strive to define a single numerology to cover both MPMT and HPHT-1 cases.





Specify, if found necessary, enhancements to the physical channels and signals in the CAS [RAN1, RAN4]


This objective includes determining a realistic modelling for the time variation of the desired and interfering signals (e.g. a model between the 50%/50% and 50%/1%), and identifying based on the modelling what channels and signals (if any) need to be enhanced.


For the specified enhancements (if any), specify related RRM core requirements (if needed) [RAN4]





Define a new numerology with 100us CP and 400us core symbol duration for support of mobility of up to 250km/h [RAN1, RAN4]


This objective comprises specifying associated RS pattern(s), MCS, TBS, UE capabilities for the new numerology.





Specify demodulation requirements for [a subset of] CAS and PMCH with 15 kHz, 7.5 kHz, 2.5 kHz and 1.25 kHz subcarrier spacings for fixed rooftop and mobile environments at 700 MHz carrier frequency [RAN4]: 


PMCH with mobile environments should target velocities of 120 km/h and 250 km/h;


The demodulation requirements should include new numerology(ies) to support 


rooftop reception in MPMT and HPHT1 scenarios as described in TR 36.776;


The demodulation requirements should include relevant channel models and antenna 


configurations, including 1 transmit antenna and 1 receive antenna for rooftop.





Specify signalling related to the features above [RAN2, RAN3]
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