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1
Introduction
RAN4#88 discussed SCS restriction with BWP operation [1-3] and the issue was considered related to the network configurations that UE can or cannot handle. The following scenarios are for further study as agreed in the way-forward [4].

· Scenario 1: The carrierBandwidth for two SCS’s do not overlap
· Scenario 2: The carrierBandwidth for two SCS’s partially overlap
· Scenario 3: The carrierBandwidth for one SCS is fully contained in the other
· Scenario 4: The carrierBandwidth for two SCS’s fully overlap
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At the same time RAN2 asked RAN4 to further clarify if the current RRC signaling is sufficient or not regarding the channel bandwidth configured to UE [5].

In this contribution, we discuss the valid network configurations as well as the expected UE behavior and RF requirement applicability. At the same time, the answer to RAN2 LS is discussed.
2
Discussions
2.1 Valid network configurations
In the current RRC signaling as explained in [5, 7], all the scenarios 1-4 can be configurable to UE because both the offset-to-carrier and the carrier bandwidth are independent for each SCS.
Observation 1: All the scenarios 1-4 are configurable in the current RRC signalling.

Although the scenarios above are RRC configurable, the signalling design is sometimes more flexible and future proof than what is specified in RAN4 specifications, and some RRC configurations are not intended to be used.

It is our understanding that the carrier bandwidth for each SCS is configured within one serving cell bandwidth (covering the bandwidth of all SCS-specific carriers) in gNB. However, Scenario 1 allows introducing multiple BWPs over multiple serving cells due to the wide range of independent offsets.  Such a configuration should require a reconfiguration of serving cells for the UEs in our view; thus, this scenario can be out of scope for Rel-15 in RAN4.
In Scenario 2, two carriers are partly overlapping. This scenario allows introducing a total bandwidth of one serving cell wider than the maximum transmission bandwidth. Thus, this scenario as well can be considered out of scope in RAN4.
Observation 2: The scenarios 1 and 2 can be out of scope for Rel-15 in RAN4.
On the other hand, in Scenario 3 and 4, all carrier bandwidths and BWPs are supported within one serving cell bandwidth (i.e., the absolute max 275 PRB). We understand that carrier bandwidths do not need to be identical among SCS; for example, 50MHz channel bandwidth for 15kHz SCS can be configured within 100MHz channel bandwidth for 30kHz SCS as far as max PRB does not exceed 275 PRBs (which is the maximum possible to signal in the current RRC spec). Thus, both Scenario 3 and 4 shall be within RAN4 scope.
Observation 3: Both the scenario 3 and 4 are the valid configurations for Rel-15 in RAN4.
Considering the above observations, we propose send LS what network configurations shall be valid in RAN4 point of view.
Proposal 1: Indicate RAN2 what carrier configurations are valid in Rel-15 according to the above understanding.
2.2 Mapping between RAN4 defined UE channel bandwidth and RRC signalled values

RAN4 previously agreed the UE behaviour in the wideband operation in [6].

· UE behavior

· UE can be configured a BWP with small PRBs less than UE CC Bandwidth. 
· UE RF requirements for DL and UL are applied based on configured UE CC bandwidth even if any BWPs less than configured UE CC bandwidth is configured
· As UE implementation aspect, Option 2 in slide 3 is not precluded
· RAN4 will only apply the requirements according to set of UE CBW. 
There has been a clear agreement in RAN4 that RF requirement is not based on BWP bandwidth (which has 1 PRB granularity) but on UE channel bandwidth (which can only be chosen among bandwidths defined in RAN4). However, the relationship of UE channel bandwidth and the RRC signaled bandwidths has not been sufficiently clarified yet. The RAN2 reply to our LS asks RAN4 to check whether the current signaling is sufficient for RAN4 purpose or not [5].

The RAN4 defined UE channel bandwidth is the basis for the RF requirement such as out-of-band emissions and blocking for transmitter and receiver.
There are three possible approaches to map between RAN2 signalled values and RAN4 defined UE channel bandwidth.
Alternative 1: RAN4 defined UE channel bandwidth is mapped to carrierBandwidth indicated in SCS-SpecificCarrier.
Alternative 2: RAN4 defined UE channel bandwidth is mapped to BWP bandwidth indicated in locationAndBandwidth.

Alternative 3: RAN4 defined UE channel bandwidth is mapped to a new RRC signalled value (different from the above).

Alternative 1 seems the simplest approach for the single numerology case similar to LTE. We can understand that all RAN4 UE RF requirement (transmitter and receiver requirement) is based on the single carrier bandwidth configured to UE by the transmission bandwidth configuration, N_PRB. The transmission bandwidth configuration must be configured within operator’s spectrum holding with the guard band larger than the minimum guard band specified in TS38.101-1 and TS38.101-2. UE meets the inband requirement within the operator spectrum holding. The out-of-band requirements can be fulfilled from the edge of transmission bandwidth configuration.

The multiple numerology case illustrated in Figure 1 is also similar. For Scenarios 3 and 4, the transmission bandwidth configurations among SCS overlap. Thus, there is sufficient guard band for lower numerology to fulfil out-of-band requirement, w.r.t., the operator spectrum holding.
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Figure 1: relationship of channel bandwidth, carrier bandwidth and BWP for alternative 1

Observation 4: Alternative 1 corresponds to a semi-static mapping based on network-signalled PRB grid size.
Alternative 2 is more dynamic approach to map the UE channel bandwidth to BWP. RAN4 agreed that BWP size can be smaller than CC bandwidth and RAN4 also agreed to use only a set of RAN4 defined UE CBW to have RF requirements. However, it is possible to map the UE CBW that the closest larger CBW form BWP bandwidth size. The RF requirement applicability is illustrated in Figure 2 for the case that BWP size is equal to one of CBW (for simplicity).

In this case, the RF requirement is more stringent than Alternative 1, since the UE RF bandwidth may need to be optimized to BWP bandwidth, regardless of transmission bandwidth configuration, in order to meet the out-of-band emissions and blocking requirements.
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Figure 2: relationship of channel bandwidth, carrier bandwidth and BWP for alternative 2 (a case of BWP BW = UE CBW) 
In case BWP BW is not equal to one of UE CBW, the CBW shall be defined to contain the BWP BW; for example, the nearest next UE CBW is selected to allocate unused PRBs as symmetric as possible w.r.t the BWP BW to match with N_PRB defined for the nearest next UE CBW as illustrated below. 

[image: image4.emf]BWP

CBW


Such a mapping can be computed or even indicated in specification, which may be a bit tedious but can be done in a straightforward manner (Similar mappings are already now done in RAN4 specifications to map NPRB and CBW). 
Observation 5: Alternative 2 requires that RAN4 defines how the BWP size in terms of PRBs maps to the channel bandwidth values defined in RAN4.
Alternative 3 is to define a new UE channel bandwidth parameter other than the above alternatives to denote the UE CBW. However, introducing additional bandwidth to UE and network configurations would just duplicate what can already be done with the other options, and is too complex and confusing in our view. The new UE bandwidth would be introduced only to indicate where the channel edge is w.r.t. the RF requirements such as emissions and blocking, regardless of transmission bandwidth configuration and BWP. This approach could even make UE implementation more complex because UE transmission bandwidth configuration becomes arbitrary and would not be tied to the actual used channel BW (e.g. BWP of 40 MHz could be configured to use CBW of 100 MHz). Therefore, we think the right approach is make the channel bandwidth and channel edges for emission/block requirement well defined with the existing configuration information.
Observation 6: Alternative 3 would define a new signalling value that should may or may not correspond to the other signalled bandwidth values, potentially complicating both UE and network implementations.

Proposal 2: No new channel bandwidth parameter is defined for determining UE carrier bandwidth. The UE carrier bandwidth is determined based on existing bandwidth parameters.
2.3 RF requirement applicability

We understand Alternative 2 is the best approach to make sure that UE changes RF bandwidth in BWP switching since stringent emissions and blocking requirement are applied. With the alternative 1 (and 3), UE is allowed to keep the wide RF bandwidth even if a BWP switch to a narrower bandwidth is commanded by network.  This means UE may consume more power even with the narrower BWP bandwidth, which may defeat the purpose of saving power with the smaller BWP. According to the previous RAN4 discussion, UE vendors proposes to keep some implementation option which RF bandwidth is operated to allow UE implementation flexibility.

Therefore, we can accept Alternative 1 because the main issue for the network operation is to meet the OOB requirement w.r.t. the operator spectrum holding, rather than the UE RF bandwidth. The power consumption optimization in UE is up to UE implementation; Alternative 2 is still supported as a better UE implementation option but need not be mandated in RAN4 specification.

For RAN2, this would also impose a restriction that only those values that correspond to a RAN4-defined channel bandwidth would be allowed to be signalled in the SCS-SpecificCarrier.
Proposal 3: The RAN4 requirements of UE channel bandwidth are based on the carrierBandwidth in SCS-SpecificCarrier based on the SCS of the currently used BWP. RAN2 shall restrict the signalling so that network only signals values corresponding to the channel bandwidth values defined in RAN2.
2.4 Multiple numerology exception

Another RAN4 question in [1-4] is what UE RF requirement shall be applied if the multiple carrier bandwidths are configured for multiple numerology configurations. Many of RF requirements have been already specified in a SCS dependent manner such as A-MPR, transmitter transient, in-band emissions, REFSENS, blocking, etc. Therefore, we propose SCS specific requirement is a baseline of all RAN4 RF requirements, so that each carrier determines the used requirements based on the SCS that is being used in that carrier.
Proposal 4: The RAN4 RF requirement is applied for each carrier bandwidth on SCS basis: UE determines the requirements for each carrier based on the SCS that is used in that carrier.
This is the most simple and straightforward way to apply the RF requirement in multiple numerology case. When UE transmit or receiver a certain BWP, all requirements are based on the corresponding carrier bandwidth per the used SCS. This is also aligned with what RAN4 has so far discussed.
However, this means that there is a different set of UE RF requirements per SCS. There was a concern in the last meeting by a UE vendor that UE implementation is restricted if a BWP switch imposes changes in RF requirements. It was not presented in the last meeting which RF requirement was difficult to meet for such BWP switch with SCS changes. It may be related to the out-of-band and spurious emissions requirement as well as out of band blocking requirement, which may need a certain RF bandwidth reconfiguration in the UE implementation to meet the requirements.
A possible wayforward is to relax a selected set of RF requirements to align with the largest channel bandwidth among SCS. For example, we can use the composite out-of-band emissions requirement for the transmitter in case of multiple numerology to align with the largest channel bandwidth. Or another way-forward is that we can simply exclude out-of-band emissions and blocking, or spurious emission requirement if they are not in OOB or spurious region in other SCS. 

It looks simpler to use the exclusion, instead of defining the multiple numerology specific requirement. It would not be very critical to test some requirement in the mixed regions (inband in one SCS and out-ofband in another SCS).
Proposal 5: RAN4 introduces the exclusion zone for the OOB RF requirement when UE is configured with multiple numerology.
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2.5 Reply to RAN2 LS

According the discussion above, we propose to reply to RAN2 according to the discussion above and the following principles (see [8] for LS draft containing text according to these):
· Indicate that RAN4 will determine the requirements for UE carrier bandwidth based on the BWP SCS and the corresponding SCS-specific carrier bandwidth. This applies for both single and multiple numerologies.

· The SCS-specific carriers are assumed to be within the operator’s spectrum holdings, i.e. it is not assumed to be allowed to have the SCS-specific carriers point to bandwidth outside the operator’s bandwidth. 

· Indicate that RAN4 assumes that in Rel-15, the SCS-specific carriers are always nested (i.e. one SCS-specific carrier contains all the other ones). The BWPs for each SCS need not be nested, even within the same serving cell (other than due to RAN1/2 restrictions on configuration)

Proposal 6: Reply to RAN2 according to LS draft in [8].

3
Conclusions
Observation 1: All the scenarios 1-4 are configurable in the current RRC signalling.

Observation 2: The scenarios 1 and 2 can be out of scope for Rel-15 in RAN4.

Observation 3: Both the scenario 3 and 4 are the valid configurations for Rel-15 in RAN4.

Proposal 1: Indicate RAN2 what carrier configurations are valid in Rel-15 according to the above understanding.

Observation 4: Alternative 1 corresponds to a semi-static mapping based on network-signalled PRB grid size.

Observation 5: Alternative 2 requires that RAN4 defines how the BWP size in terms of PRBs maps to the channel bandwidth values defined in RAN4.

Observation 6: Alternative 3 would define a new signalling value that should may or may not correspond to the other signalled bandwidth values, potentially complicating both UE and network implementations.

Proposal 2: No new channel bandwidth parameter is defined for determining UE carrier bandwidth. The UE carrier bandwidth is determined based on existing bandwidth parameters.
Proposal 3: The RAN4 requirements of UE channel bandwidth are based on the carrierBandwidth in SCS-SpecificCarrier based on the SCS of the currently used BWP. RAN2 shall restrict the signalling so that network only signals values corresponding to the channel bandwidth values defined in RAN2.
Proposal 4: The RAN4 RF requirement is applied for each carrier bandwidth on SCS basis: UE determines the requirements for each carrier based on the SCS that is used in that carrier.
Proposal 5: RAN4 introduces the exclusion zone for the OOB RF requirement when UE is configured with multiple numerology.
Proposal 6: Reply to RAN2 according to LS draft in [8].
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