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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 #95-e.
4. References

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

8.3.1
Signalling range
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 is transmitted as part of MPDCCH.
· RSS uses two consecutive RBs which can be allocated anywhere, according to 3GPP 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 3GPP 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 3GPP 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 (3GPP 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 is transmitted as part of MPDCCH.
· MWUS uses two consecutive RBs which are allocated in the configured paging narrowband (6 RBs), thus allowing for three discjunct allocations. According to 3GPP TS 36.331, only one RB pair is allocated per cell for MWUS.
· According to 3GPP 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 3GPP 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 is transmitted as part of MPDCCH. 
· 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 in MPDCCH, can have a higher PSD versus other LTE-MTC RBs of up to 6 dB due to the signalling range. 

8.3.2
Minimum NR BS requirements for RE Power control dynamic range

On the other side, minimum requirements for power boosting for NR BS exist in 3GPP TS 38.104. In particular, subclause 6.3.2.2 specifies minimum requirements for RE power control dynamic range, where power offset above and below average RE power for a BS at maximum output power is specified. This defines a range between -6 dB and +4 dB for QPSK (PDCCH) and between -6 dB and +3 dB for QPSK (PDSCH), which needs to be supported by the NR BS. These power dynamic ranges are the same as specified for LTE in 3GPP TS 36.104, subclause 6.3.1.1. As MPDCCH, similar as EPDCCH, does not belong to PDCCH though, and RSS, MWUS and GMWUS are transmitted in the MPDCCH, no minimum RF requirement for power boosting for NR BS with inband LTE-MTC allocation within the NR transmission bandwidth is specified.
8.3.3 
NR with LTE-MTC inband co-existence
Given that LTE and LTE-MTC inband co-existence has been formerly proven to work, including the use of power boosting for Rel-15 RSS and MWUS signals, under the condition that LTE-MTC RBs are allocated within the configured LTE transmission bandwidth, the same applies for co-existence with NR, if the LTE-MTC RBs are allocated within the NR transmission bandwidth, under the assumption that the LTE-MTC inband allocation is typically significantly narrower than the NR transmission bandwidth, which due to the NR SSB is substantially wider. Hence,  the LTE-MTC inband allocation can be placed anywhere within the NR transmission bandwidth, under the condition that the guard band should not be narrower than specified for the smallest LTE-MTC carrier that could accommodate that MTC signal, i.e. the guard band  must be large enough for LTE-MTC UEs so that they are not impacted by losses in ACS and unwanted emissions.
In conclusion, the NR BS is not mandated to support power boosting for LTE-MTC RBs, which are allocated within the NR transmission bandwidth. The NR BS may support power boosting for LTE-MTC RBs according to the above depicted signalling range, provided that the network still fulfils existing RF performance requirements.
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