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1 
Introduction
In RAN #75 meeting, the WID of NR was approved in [1], the RRM specification related scopes are self-contained as below,

	·    Radio Resource Management
· Conducted RRM requirements for below 6GHz 
· Note: Conducted and/or OTA RRM requirements for between 6GHz and 24 GHz will be specified once bands within this range are introduced into WID
· OTA RRM requirements for above 24GHz
· Requirements for Non-Stand-alone operation
· Requirements related to following procedures are not included.
· Idle mode mobility 
· Requirements for Stand-alone operation
· OTA test aspect affecting UE RF, BS RF and RRM core requirements


Therefore in this contribution based on the latest agreements of RAN1&RAN2 on the wider bandwidth support we provide further considerations on NR RRM requirements impacts because of the wider bandwidth in NR.
2 Discussion 
In the latest RAN1 meeting the agreements on the reference signal for the mobility management measurement were achieved.
	R1-1703833    DL RS for layer 3 mobility Huawei

Agreements:

· At least NR secondary synchronization signal (NR-SSS) is used for DL based RRM measurement for L3 mobility in IDLE mode 
· FFS in IDLE mode potentially additional use of DM-RS for PBCH (if defined) for measurement
FFS whether or not the NR-SSS alone will satisfy the requirements for RRM measurement

 
 R1-1703996    WF on Additional RS for Mobility    AT&T, Huawei, HiSilicon, Intel, LGE
Agreements:
· For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS
· Note that RAN1 will consider configuration overhead and possible inter-gNB signaling overhead
· Detection of neighbor cell for measurement is based on NR-SS


In NR support of very wide bandwidth (e.g., ~ 1 GHz) and also per-carrier bandwidth much wider than that of LTE is considered. And if the measurement reference signal (e.g. NR-SSS) is located in the central of BW, UE’s operating frequency can be quite far away from the central frequency range. This makes them completely un-correlated. In this case, the minimum measurement bandwidth including NR-SS may not reflect UE’s fully occupied channel conditions exactly (e.g. for fading channel) especially regarding to extra RF distortion in the edge of wide system bandwidth.
Observation 1: The minimum measurement bandwidth could include the reference signal beside NR-SSS within the central of system bandwidth.
At the same time, the agreements on the wider bandwidth support were achieved. Hereby, we provided more views on the wider bandwidth supports in NR mainly from RAN4 perspective. 

	R1-1703685
WF on wider BW operations
NTT DOCOMO
Agreements:
· From RAN1 specification perspective, maximum channel bandwidth per NR carrier is 400 MHz in Rel-15

· Note:  final decision on the value  is up to RAN4

· From RAN1 specification perspective, at least for single numerology case, candidates of the maximum number of subcarriers per NR carrier is 3300 or 6600  in Rel-15

· FFS: For mixed numerology case, the above applies to the lowest subcarrier spacing

· Note: final value for a given channel BW is up to RAN4 decision
· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is 16

· Note that 32 is considered from RAN2 specification perspective

· The number of NR CCs in any aggregation is independently configured for downlink and uplink 

· NR channel designs should consider potential future extension of the above parameters in later releases, allowing Rel-15 UE to have access to NR network on the same frequency band in later releases
R1-1703773
WF on Wideband Operating Options
Qualcomm, Panasonic
Agreements:
· Prepare draft LS in R1-1703919 – Peter (Qualcomm) to RAN4 to inform that RAN1 is discussing following alternatives for a wider BW CC, i.e., CC BW greater than X (e.g., 100 MHz), 
· A) UE is configured with one wideband carrier while the UE utilizes multiple Rx/Tx chains (Case 3)
· B) A gNB can operate simultaneously as wideband CC for some UEs (UEs with single chain) and as a set of intra-band contiguous CCs with CA for other UEs (UEs with multiple chains)
· FFS: Potential impact on design for the wide BW signal/channels
· Note: The support of multiple Rx/Tx chains in the gNB within one wideband CC is not addressed in above discussion 


In LTE all UEs need to support up to 20 MHz bandwidth per carrier only. However in NR support of the much wider channel bandwidth (e.g. 400MHz per CC) was agreed. And it should be noted that in NR the implementation to support the wide bandwidth, at least two possible UE implementations shall be considered in [2]. 
· Alt A) UE is configured with one wideband carrier while the UE utilizes multiple Rx/Tx chains 
· Alt B) A gNB can operate simultaneously 
· as wideband CC for some UEs (UEs with single chain) and 
· as a set of intra-band contiguous CCs with CA for other UEs (UEs with multiple chains)
For Alternative A), a UE which has multiple TX/RX chains could be configured with one wideband carrier. Generally a RF chain contains the different elements (e.g. clock/carrier generation , LNA, DA/AD, AGC, etc.). Regarding to the different clocks modules in these separated RF chains, if multiple RF chains are used to support a single NR wider carrier, firstly synchronizations in time and frequency domain among multiple RF chains are all necessary. And these separated synchronizations on the multiple RF chains shall be aligned perfectly in order to guarantee the contiguous waveform with a single wider bandwidth as illustrated in the figure below.
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Figure 1. Wideband Operating Option A)
Observation 2: If multiple separated RF TX/RX chains are used to support the single wideband carrier, the allowed synchronization error may be more stringent, which may increase UE implementation complexity significantly. Otherwise the discontinuities of receiving signals in UE will be expected.  
Other problem of Alternative A) is that how UE multiple RF chains synchronize with the network when the initial access. One of possible solutions is UE need to be re-tuned to the other central frequency of the multiple RF chains operating after synchronization with a gNB in the channel BW central frequency. 
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Figure 2. One initial access method for Opt A)
From RAN4 perspective for these issues above, it is noted that this re-tuning of RF carrier frequency could introduce additional interruption to the other RF chains also.
Observation 3: The impacts from RF retuning when UE supporting the wider bandwidth in NR shall be considered, e.g. the additional interruption to the other RF chains.
However for the Alternative B) with the multiple chains, this problem is not valid since the measurement reference signal will be transmitted in the multiple CCs. 
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Figure 3. Wideband Operating Option B) with the multiple RF chains
3 Conclusion
In this contribution the RRM impacts from the wider bandwidth in NR was provided. The following observations and proposals can be drawn: 
Observation 1: The minimum measurement bandwidth could include the reference signal beside NR-SSS within the central of system bandwidth.

Observation 2: If multiple separated RF TX/RX chains are used to support the single wideband carrier, the allowed synchronization error may be more stringent, which may increase UE implementation complexity significantly. Otherwise the discontinuities of receiving signals in UE will be expected.  

Observation 3: The impacts from RF retuning when UE supporting the wider bandwidth in NR shall be considered, e.g. the additional interruption to the other RF chains.
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