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1 Introduction
During NR SI, RAN1 has studied NR bandwidth adaptation for UE power saving and RAN4 recently provided their response LS in [1]. This contribution presents our view on NR UE bandwidth adaptation.
1 
2 
2 Transition time for bandwidth adaptation
According to RAN4 response LS [1], the transition time (RF aspects) at least for sub6 can be;
· Up to 20 µs if the center frequency is the same before and after the bandwidth adaptation for intra-band operation
· 50 ~ 200 µs if the center frequency is different before and after the bandwidth adaptation for intra-band operation
· Up to 900 µs for inter-band operation
RAN4 also has the opinion that for single-carrier operation, the total transition time includes the processing time of the bandwidth adaptation signaling, RF transition time and the waiting time for slot boundary alignment if DL signal from the same cell is assumed before and after the bandwidth adaptation. For multiple-carrier operation, the waiting time for reference signals for AGC settling is additionally required. 
RAN4’s understanding is that UE power saving is the primary benefit for UE RF bandwidth adaptation
Observation: 
· Given RAN4 feedback, at least for sub 6GHz, UE bandwidth adaptation provides UE power saving benefit. 
· We expect this observation can be hold for above 6GHz as well where the relative bandwidth before and after bandwidth adaptation can be larger.
Generally speaking, UE bandwidth adaptation is already possible in LTE by UE implementation. For example, a UE processes only 6 PRBs during initial access procedure. Then, after the acquisition of DL bandwidth information on MIB, the UE can change the operating bandwidth accordingly. This enables UE power saving by avoiding unnecessary UE processing outside the center 6 PRBs.
For eMTC, although the bandwidth is constant and restricted to narrow bandwidth (6 PRBs) throughout the entire UE operation, the frequency location can be changed as per eNB scheduling. It is assumed that the maximum retuning time between narrowband regions is at most two symbols including CP length assuming normal CP (15 kHz SCS) and one symbol is currently considered for feMTC.
3 Bandwidth adaptation signalling
Multiple attributes can be conceived for the signalling of UE bandwidth adaptation. Explicit signalling is one possibility to enable UE bandwidth adaptation. A typical example is LTE Scell activation/deactivation command conveyed by MAC CE for multiple-carrier operation. On the other hand, implicit signalling can be achieved by associating resource allocation field in scheduling assignment. For example, when the resource allocation is more than certain amount, it triggers UE to expand the bandwidth. Upon gNB indication of UE bandwidth adaptation, UE confirmation would be needed in order to avoid any potential misalignment between gNB and UE.
In order to accommodate the transition time for UE bandwidth adaptation, the timing gap between UE reception of the indication and its application should be wide enough. The minimum required timing gap would depend on specific operation scenario. For example, as RAN4 pointed out, the total transition time should include AGC settling time in case of multiple-carrier operation. Flexible timing control can be supported via timing indication in the DCI (both same-slot and cross-slot scheduling). 
Further, slot format may impact the timing. For instance, when slot n contains both DL and UL part and UE receives the indication of bandwidth adaptation at slot n, the UE may need to suspend the bandwidth adaptation until the end of UL part for potential UL transmission. Figure 1 shows an exemplary illustration of UE bandwidth adaptation. 
The signalling aspects for bandwidth adaptation are tightly coupled with control channel design and scheduling/HARQ operation. As RAN1 already agreed to support the timing indication (i.e., PDCCH to PDSCH, PDCCH to PUSCH, PDSCH to PUCCH time difference) and slot format related information, bandwidth adaptation functionality should be taken into account when the signalling details are specified. 
Proposal: Bandwidth adaptation functionality should be taken into account when the signalling details are specified, e.g., the timing indication (i.e., PDCCH to PDSCH, PDCCH to PUSCH, PDSCH to PUCCH time difference) and slot format related information. 
For NR-PDCCH, the CORESET should be configured properly such as to be available within both bandwidths before and after adaptation. Similarly, the frequency resource for UL control transmission should be confined within both bandwidths before and after adaptation.
[image: ]
Figure 1: UE bandwidth adaptation
4 RRM measurement for bandwidth adaptation
In LTE, the UE should be capable of performing RSRP and RSRQ measurements with measurement period and measurement bandwidth given in Table 1 [2]. The narrow measurement bandwidth of 6 PRBs achieves UE power savings as well as cell search process independent from the channel bandwidth. On the other hand, the wider measurement bandwidth would mitigate potential measurement error from neighbour cell interference in some deployment scenarios.
Table 1. Measurement period and measurement bandwidth (TS36.133)
	Configuration
	Physical Layer Measurement period: TMeasurement_Period _Inter_FDD [ms]
	Measurement bandwidth [RB]

	0
	480 x  Nfreq
	6

	1 (Note)
	240 x  Nfreq
	50

	Note: This configuration is optional



Similar to LTE, the NR measurement bandwidth can be configured and further associated with the adapted bandwidth of a UE. The RRM measurement accuracy would depend on how often the UE bandwidth is adapted.
5 Conclusions
This contribution has discussed the UE bandwidth adaptation in terms of transition time, signalling and RRM measurements. The signalling aspects are tightly coupled with control channel design and scheduling/HARQ operation. In addition, RS design would impact UE RRM measurement in conjunction with bandwidth adaptation. 
Observation: 
· Given RAN4 feedback, at least for sub 6GHz, UE bandwidth adaptation provides UE power saving benefit. 
· We expect this observation can be hold for above 6GHz as well where the relative bandwidth before and after bandwidth adaptation can be larger.
Proposal: 
· Bandwidth adaptation functionality should be taken into account when the signalling details are specified, e.g., the timing indication (i.e., PDCCH to PDSCH, PDCCH to PUSCH, PDSCH to PUCCH time difference) and slot format related information. 
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