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1 Introduction

At the last RAN1 meeting, energy-efficient physical control channel reception in NR was discussed and the following was agreed:
	
Agreements:
· At least for single carrier operation, NR should allow a UE to operate in a way where it receives at least downlink control information in a first RF bandwidth and where the UE is not expected to receive in a second RF bandwidth that is larger than the first RF bandwidth within less than X µs (FFS: value of X)

· FFS the first RF bandwidth is within the second RF bandwidth

· FFS the first RF bandwidth is at the center of the second RF bandwidth

· FFS the maximal ratio of the first RF bandwidth over the second RF bandwidth

· FFS detailed mechanism

· FFS RF bandwidth adaptation for RRM measurement



This contribution addresses some of the remaining open issues to further progress towards an energy-efficient physical control channel reception in NR.
2 Energy-efficient physical control channel reception in NR
In LTE, a UE in active mode has to monitor for PDCCH transmissions across the entire system bandwidth. In particular, the UE has to monitor for potential PDCCH transmissions even in cases where it receives no DL assignment or UL grant. Hence, UE power consumption in active mode is a key performance indicator for the energy efficiency of the handset. In LTE, the maximum system bandwidth is defined as 20MHz. NR, however, is expected to support much larger bandwidths, see, e.g., [1]. These larger bandwidths amplify the need for an energy-efficient mechanism to receive PDCCH transmissions in active mode. 
It has already been agreed that the monitoring for downlink control information by a UE will be based on so-called “control sub-bands.” Hence, control transmissions are already confined to certain resources in the frequency domain. Except for special cases, these control sub-bands are not expected to span across the entire system bandwidth. Hence, at least in most cases and for some UE capabilities supporting very large bandwidths [1], it is not expected that control channel transmissions will span the entire maximum RF bandwidth that a UE supports. 

If a UE, however, was expected to receive PDSCH transmissions of any bandwidth at any time, the RF circuitry could not take advantage of the fact that the PDCCH transmissions scheduling said PDSCH are confined to the so-called control sub-bands. In other words, the UE RF bandwidth would have to be tailored to the maximum expected PDSCH transmission bandwidth even in cases where the UE monitors for PDCCH transmissions in confined bandwidths much smaller than the maximum PDSCH transmission bandwidth and is hardly ever scheduled with such a large PDSCH bandwidth. 
From an energy-efficiency perspective, and UE battery life is certainly a crucial performance indicator, it would thus be beneficial if the UE RF bandwidth was allowed to “breathe” with the traffic requirements of the UE. If a UE is scheduled to receive PDSCH transmissions (transmit PUSCH transmissions respectively) with a very large bandwidth, e.g., according to its capability, the RF bandwidth is set accordingly. If, however, the UE is not expected to receive any DL data (transmit any UL data) or, alternatively, if smaller bandwidths suffice given the traffic conditions for said UE, the UE would be allowed to shrink its RF bandwidth and tailor it to the actual traffic load. 
In our view, the crucial feature is that the UE RF bandwidth can breathe between a smaller first bandwidth and a second larger bandwidth. According to the current agreement, “at least downlink control information in a first RF bandwidth” can be received. Our preference is to remove that restriction and to also allow the UE to receive data or other channels and signals in that first smaller bandwidth. This would allow for low latency transmissions in the first bandwidth, i.e., data transmissions do not have to be postponed by X µs in case they are scheduled within the first RF bandwidth. 

Proposal 1: Transmissions in the first RF bandwidth are not limited to downlink control information
The question whether the first RF bandwidth is within the second RF bandwidth is related to the frequency locations of the synchronization signals. There is a good chance the network will configure the same frequency (or similar frequencies) between synchronization signals among NR cells in order to support neighbor cell search without inter-frequency measurement gaps. Moreover, it is our preference that NR synchronization signals are always transmitted in the center due to UE complexity issues (see our companion contribution in [3]). Hence, in our view not only should the first RF bandwidth be within the second RF bandwidth, more importantly, the first RF bandwidth should be at the center of the second RF bandwidth. 

Proposal 2: The first RF bandwidth is within the second RF bandwidth
Proposal 3: The first RF bandwidth is at the center of the second RF bandwidth
Lastly, regarding the maximal ratio of the first RF bandwidth over the second RF bandwidth, this mainly depends on which value of X one targets and whether the first RF bandwidth and second bandwidth are centered at the same frequency. Fine retuning as is supported in LTE Rel. 13 eMTC may not pose a significant issue, however, larger ratios may require that the UE reacquires PSS/SSS to compensate for the CFO. Hence, this question may not be answered until further details have emerged and moreover, may require sending an LS to RAN4 as has been done in Rel. 13 eMTC. 
The aforementioned has described a procedure where a PDCCH transmitted in a first RF bandwidth can dynamically indicate that a subsequent transmission will be scheduled in a second larger RF bandwidth. In our view, it is also beneficial to introduce the same concept in a semi-static manner of operation that is a first RF bandwidth is semi-statically configured and the UE is not expected to receive in a second RF bandwidth that is larger than the first RF bandwidth unless the UEs RRC configuration is changed. 
Proposal 4: NR supports semi-static restriction of the transmission bandwidth for both control and data
3 Conclusion

This contribution discussed some of the remaining open issues regarding energy-efficient physical control channel reception in NR. The following proposals are made:
Proposal 1: Transmissions in the first RF bandwidth are not limited to downlink control information
Proposal 2: The first RF bandwidth is within the second RF bandwidth
Proposal 3: The first RF bandwidth is at the center of the second RF bandwidth
Proposal 4: NR supports semi-static restriction of the transmission bandwidth for both control and data
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