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1. Introduction
At RAN4 #91, the WF [1] on the structure of TR 37.823 on NR / LTE-MTC coexistence was approved listing, among other aspects, the investigation of the impact from power boosting for LTE-MTC. This contribution contains the corresponding TP for this aspect.
2. Discussion

This TP treats the impact from power boosting applied to LTE-MTC for coexistence with NR.

In particular, the impact due to support of the Re-Synchronization Signal (RSS) and of the MTC Wake-Up Signal (MWUS) for Rel-15 is investigated as well as the impact through introduction of the Group MTC Wake-Up Signal (GMWUS) in Rel-16. 
3. Conclusion

This TP adds text to the yet idle section 8.3 on power boosting for LTE-MTC in TR 37.823. It is proposed to agree this TP at RAN4 #94bis-e.
4. References

[1]
R4-1907849, “WF for Rel-16 LTE-MTC coexistence with NR”, source: Nokia, Ericsson, Huawei, ZTE
[Start of Text Proposal] 
8.3
Power boosting for LTE-MTC
This section investigates the impact from power boosting applied to LTE-MTC for coexistence with NR.

Power boosting for LTE-MTC was introduced in Rel-15 for the purpose of enhanced coverage and improved power saving. In particular this is applied to 

· RSS (Re-Synchronization Signal) introduced in Rel-15 to allow the BL/CE UE to perform faster network synchronization in DRX periods after wake-up from light sleep. 
· RSS uses two consecutive RBs which can be allocated anywhere, according to TS 36.331, in the configured LTE channel bandwidth (i.e. frequency location is one RB pair out of 100 RBs covering the 20 MHz bandwidth case). 
· According to TS 36.213, the power offset for RSS EPRE versus CRS EPRE depends on the number of cell specific antenna ports. For one cell specific antenna port, the power offset versus CRS EPRE can be {0, 3, 4.8 and 6 dB), as specified in TS 36.331. Power stealing across other RBs can be applied.  
· However, RSS is transmitted with given periodcity and at most in 25% of the subframes (TS 36.331).
· MWUS (MTC Wake-Up Signal) introduced in Rel-15 to allow the BL/CE UE to save energy for the purpose of paging monitoring. Rather than to decode the paging channel data for determining if a paging request is received, a wake-up signal was specified to indicate a valid page in the next PO to the UE. 
· MWUS uses two consecutive RBs which are allocated in the configured paging narrowband (6 RBs), thus allowing for three discjunct allocations. According to TS 36.331, only one RB pair is allocated per cell for MWUS.
· According to TS 36.213, the power offset for MWUS EPRE versus CRS EPRE depends on the number of cell specific antenna ports. For one cell specific antenna port, the power offset versus CRS EPRE can be {0, 1.8, 3 and 4.8 dB), as specified in TS 36.331. However, MWUS sequence has a limited duration and is not transmitted in all subframes. Power stealing across other RBs can be applied.  
· GMWUS (group MWUS) added in Rel-16 to allow the BL/CE UEs to be grouped and to dedicate a wake-up signal not to all UEs (common WUS) but to a particular UE group to make paging monitoring even more efficient. 
· GMWUS uses two consecutive RBs which are allocated in the configured paging narrowband (6 RBs), allowing for two disjunct allocations. Up to 2 GMWUS can be allocated per cell. In case 2 GMWUS and 1 MWUS are FDM’ed in the paging narrowband, all 6 RBs in the NB are transmitted. 
· For GMWUS, the same power offset versus CRS EPRE applies as for MWUS. Thus, for a cell transmitting MWUS and 2 GMWUS, the power offset versus CRS may go up to 4.8 dB in the narrowband, which requires power stealing from outside the narrowband. Again, GMWUS sequence has a limited duration and is not transmitted in all subframes.
Thus, LTE-MTC RBs carrying RSS, MWUS or GMWUS, can have a higher PSD versus other LTE-MTC RBs of up to 6 dB. 

Given that LTE and LTE-MTC inband co-existence has been formerly proven to work under the condition that LTE-MTC RBs are allocated within the configured LTE transmission bandwidth, leaving a 5% guard band to channel edge at either side, the main difference for coexistence of NR with LTE-MTC is the increased NR transmission bandwidth configuration in number of RBs versus LTE. 

Thus, if the LTE-MTC inband allocation in the NR channel is entirely deployed within the corresponding LTE transmission bandwidth configuration of the NR channel, i.e. the bandwidth covered by legacy LTE PRBs, no restriction applies. Power boosting of LTE-MTC RBs up to 6 dB is allowed. 

However, if the LTE-MTC inband allocation is smaller than the NR channel bandwidth, the LTE-MTC inband allocation may reach out partially or entirely into the outer RBs of the NR channel, i.e. in RBs which are outside of the corresponding LTE transmission bandwidth configuration of the NR channel. In this case, a distinction is needed whether power boosting for RB pairs, carrying RSS, MWUS or GMWUS, up to 6 dB or only up to 3 dB is allowed. 
Table 8.3-1 depicts RB pairs in outer RBs of the NR channel and their maximum power boosting for NR channel bandwidths of 10, 15 and 20 MHz as well as > 20 MHz for SCS = 15 kHz. For determining the maximum power boosting setting for these RB pairs, the power boosting profile defined for NB-IoT single RBs in [TR 37.824, section 5.2.2] using two levels for maximum power boosting (6 dB and 3 dB) is used and the lower level for two consecutive RBs is applied in the rightmost column, as both RBs of the RB pair carrying RSS, MWUS or GMWUS are transmitted with the same power.
	NR channel bandwidth 
	#NR RBs

(NR transmission BW configurationin TS 38.104)
	# RBs

(corresponding LTE transmission BW configuration in TS 36.104)
	RB pairs for RSS, MWUS, GMWUS using outer RBs in the NR channel
	Maximum power boosting for both RBs of RB pair


	10 MHz
	52 (0...51)
	50 (1…50)
	(0,1), (50,51)
	+ 6 dB

	15 MHz
	79 (0...78)
	75 (2...76)
	(1,2), (76,77)
	+ 6 dB

	
	
	
	(0,1), (77,78)
	+ 3 dB

	20 MHz
	106 (0...105)
	100 (3…102)
	(2,3), (102,103)
	+ 6 dB

	
	
	
	(0,1), (1,2), (103,104), (104,105)
	+ 3 dB

	> 20 MHz
	NRB
	N.A.
	RB pairs fully inside the central 90% NR channel bandwidth
	+ 6 dB

	
	
	
	RB pairs partially or fully outside the central 90% NR channel bandwidth
	+3 dB


Table 8.3-1 Maximum power boosting for RB pairs carrying RSS, MWUS or GMWUS using outer RBs in the NR channel (SCS = 15 kHz).
The BS manufacturer can declare support of higher power boosting than stated in Table 8.3-1.
[End of Text Proposal]
Extract from TR 37.824 (0.4.0) – for information 
5.2.2
Power boosting

For Rel-13 power bosting for E-UTRA guard band operation and in-band operation is introduced in both TS 36.104 and TS 37.104. The minimum requirement is +6 dB power bosting for one NB-IoT RB located within E-UTRA transmission bandwidth configuration for in-band operation or adjacent to the E-UTRA transmission bandwidth configuration edge as close as possible for guard band operation (except for guard band operation with E-UTRA 5 MHz channel bandwidth). Legacy deployment should be taken into account and similar hardware capability should be maintained. Hence +6 dB power boosting should be kept for the migration scenario. Meanwhile +6 dB power boosting will be challenging when NB-IoT is located at NR edge positions since NR spectrum utilization with 15 kHz SCS is much higher than EUTRA for > 5 MHz channel bandwidth. Considering these aspects, power boosting for NB-IoT operation in NR in-band is defined as below,

· For 5 MHz and 10 MHz channel bandwidth, specify the minimum +6 dB power boosting requirement for in-band 180 kHz NB-IoT RB.
· For 15 MHz channel bandwidth, specify the minimum +6 dB power boosting requirement for in-band center 77x180 kHz plus 15 kHz at each edge.
· For 20 MHz channel bandwidth, specify the minimum +6 dB power boosting requirement for in-band center 102x180 kHz plus 15 kHz at each edge.
· For >20 MHz channel bandwidth, specify the minimum +6 dB power boosting requirement for in-band 180 kHz NB-IoT RB within center 90% of NR channel bandwidth.
· For >10 MHz channel bandwidth, specify +3 dB power boosting requirement for other in-band 180 kHz NB-IoT RBs.
· BS manufacturer can declare support of higher power boosting.
