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1	Introduction
It has been assumed in NR, on the contrary to LTE, that BS CBW (Channel Bandwidth) and UE CBW do not always have to be the same and a UE could operate using narrow UE CBW within broader BS CBW. This paper is to discuss issues related to UE requirements when an operation of this type is introduced.

2	Overview
2.1 	Problem statement
It has been assumed in NR that BS CBW and UE CBW do not always have to coincide and a UE could operate with its narrower CBW within a broader BS CBW. In REL-15, CBWs in BS and UE spec. are common in general and most of UE CBWs are mandated so there would be almost no need to utilize this concept. But problems might happen when we start to add new CBWs in REL-16 onward, at least for REL-15 UE to be operated in such an environment.
RB range used for a UE is configured by a BWP (Bandwidth Part) and a BS should configure a rational BWP for a narrow CBW UE, i.e. within its supported CBWs. On the other hand, since UE RF requirements are defined per UE CBW, we need to have a clear definition on the relation of UE CBW and BWPs (or BS CBW) otherwise inappropriate UE RF requirement are to be applied. This is especially true for a case that BS and UE CBW are different.
[Observation-1] A clear linkage between UE CBW and configured BWPs is needed to make clear which UE RF requirement is to be applied for which case, esp. for a case of different BS/UE CBW.
Another important aspect is that, since this is relavant to behaviour of "legacy" UE which does not support a new CBW, the conclusion should go for REL-15 UE. Then earlier conclusion is needed otherwise REL-15 UE won't work properly in such an environment.
[Observation-2] Since this discussion is about behaviour of old version UEs, the result should be applied to REL-15 UE for forward compatibility reason.
Note that in this contribution only Tx requirements are checked/discussed because this would affect co-existence requirements.
2.2	BWP/CBW relation
TS 38.101-1 mentions in sec 5.3.1:
	5.3.1	General
The UE channel bandwidth supports a single NR RF carrier in the uplink or downlink at the UE. From a BS perspective, different UE channel bandwidths may be supported within the same spectrum for transmitting to and receiving from UEs connected to the BS. Transmission of multiple carriers to the same UE (CA) or multiple carriers to different UEs within the BS channel bandwidth can be supported. 
From a UE perspective, the UE is configured with one or more BWP / carriers, each with its own UE channel bandwidth. The UE does not need to be aware of the BS channel bandwidth or how the BS allocates bandwidth to different UEs.
The placement of the UE channel bandwidth for each UE carrier is flexible but can only be completely within the BS channel bandwidth.



The descriptions above sound like "its own UE channel bandwidth" is a given thing. But for instance, adding a 30MHz CBW to LTE farming bands, 5, 10, 15 and 20MHz CBW could be candidates for a legacy UE depending on a BWP configured. On the other hand, if "the UE does not need to be aware of the BS channel bandwidth", it can be interpreted that UE channel bandwidth be determined only by the BWP activated at any given moment, even if the same CBW is supported in a BS and a UE. 
Then as per [Observation-1], we need a clear understanding on how UE CBW is assumed in [1].
Assuming that UE CBW is narrower than BS CBW, the placement of the UE CBW has some flexibility as depicted in Figure 1. And a BS can configure a BWP in any place with any RB numbers up to maximum UE CBW within the BS CBW.

[bookmark: _GoBack]Figure 1: Flexibility on BWP and UE CBWs[image: ]
It should be pointed out that a UE can recognize BS CBW via SIB (SIB1→ ServingCellConfigCommonSIB → DownlinkConfigCommonSIB → FrequencyInfoDL-SIB →SCS-SpecificCarrier → carrierBandwidth) in the unit of RB [2]. The center frequency position of BS CBW can also be calculated. Then, when a BWP is activated, a UE can estimate relative position of the BWP in BS CBW. On the other hand, there seems no RRC signaling from a BS to instruct which UE CBW to be used/assumed by a UE. That is the reason why "common assumption" should be shared between a UE and a BS.
In addition, it is better to clarify how a UE CBW is assumed when the UE can support a BS CBW. For simplicity, it might be better to assume the same CBW.
[Observation- 3] It is better to clarify the case when a UE can support a BS CBW.

2.3 	Rationale of the operation
Before discussing technical aspects, we'd like to address a rationale of the operation of this type.
As long as UE CBW is within BS CBW and UE requirements for the operation are set by BS CBW, it seems that people except that most of UE RF requirements assuming narrower CBW do not cause a problem since requirements for narrow UE CBW can satisfy those for broader UE CBW. Another possible justification is that in a broader CBW, all the possible RB allocations in a narrower CBW (combinations of LCRB and RBSTART) can be reproduced within the CBW so the requirements for a broader CBW should/could cover those for narrower ones.
Although the author tends to feel the same for the expectation in general, for instance, in general SEM, there is a region where narrower CBW UE can live with looser requirement: for ΔfOOB = ±0-1 MHz range, power/30kHz requirement is relaxed for narrower UE CBW. (For instance, -15dBm/30kHz for 5MHz CBW UE while -18dBm/30kHz for 10MHz CBW UE.) 
The relaxation seems to come from the fact that the width of a guard band is roughly propotional to CBW then unwanted emission level very next to a channel edge remains stronger for narrower CBW for small RB allocation on the edge. In reality, under broader CBW operation, this would not cause a problem since broader BS CBW gives larger guard band but it looks like the UE SEM in this portion would not agree with the operation. Some may argue that this is not tested.
Thus, we need to review a justification/explanation on why/how this operation (i.e. narrower CBW UE operated in a broader CBW) is possible and necessary fixes (if so required).
[Observation-4] We need to review a justification/explanation of the operation and necessary fixes, such as general SEM in ΔfOOB = ±0-1 MHz range.

3	Consideration on handling CBW
As mentioned in 2.3, the author guesses that a rationale behind this operation is expectation that requirement for narrower CBW is tigher than that of broader CBW in general. If this is true, it is expected that an actual problem might be limited. Checking Tx portion of [sec 6 of 1], possible and visible flinges would be limited to:	
	1) General SEM, MPR (Inner/Outer/Edge relative to NRB),
	2) A-MPR (Inner/Outer relative to NRB and frequency position relative to a protection range).
3.1 	SEM/MPR
For ΔfOOB = ±0-1 MHz range, Power/30kHz requirement is relaxed for narrower UE CBW which sounds like general SEM seems broken with this operation. As pointed out in sec. 2.3, an explanation may be needed for this operation not to break the SEM.
For ΔfOOB farther than 1MHz, SEM of a narrower CBW is always tighter than that of a broader CBW so general SEM requirement can be kept. Under this condition, since UE SEM requirement is defined symmetric to a CBW and based on the distance from an edge, the requirement of narrower UE CBW is always within that of broader CBW. MPR is required for keeping SEM and the same treatment as SEM can be expected.
Then, in general, we can say that narrower CBW UE operation does not break SEM of a broader CBW, regardless of its frequency position within a broader CBW.
[Observation-5] For SEM/MPR, it is not necessary to consider frequency position (or center frequency) of a narrower CBW UE within a broader CBW from the standpoint of keeping SEM requirement.
But ambiguity in UE CBW/placement might cause performance loss in backoff necessity between BS (scheduler) and UE through interpretation of inner/outer regions. In this sense, to avoid throughput penalty, it is desirable to define the position of UE CBW. This is discussed in the next section for a case the placement is an essential requirement.  
3.2	A-MPR
In this section, discussion is limited to A-MPR for single carrier transmission. Multi-cluster or 2UL-CA cases are left for further study.
In NS/A-MPR, frequency position (Fc: center frequency) plays an important role because a protected victim is in a specific frequency range then distance to the victim is an essential condition, on the contrary to SEM. Thus, for NS/A-MPR, clarification on Fc position is needed. 
In BWP operation, Fc could also be tuned to the center of the BWP then the shape of unwanted emission would also be changed due to the position and number of RBs configured. This aspect should also be addressed in the normal operation, not specific to CBW mismatch cases. That is, if an NS is defined in 10MHz operation for a certain band/freq location for example, this NS should cover any BWP configurations within the 10MHz. From this standpoint, if there is an NS definition that covers a BWP configuration, we can reuse the NS condition for the BWP configuration.
But if a band supports 10,15 and 20MHz CBW and all the CBWs cover a BWP configuration, we should decide which to take. On the other hand, it would be problematic if UE CBW assumed goes beyond BS CBW. A possible approach is:
	1) UE CBW is selected as the smallest UE supported CBW that can cover the UL BWP activated.
	2) The center frquency of the UE CBW is firstly set to the center frequency of the activated BWP.
	3) If an edge of the UE CBW goes beyond BS CBW with 2), the center frequency of UE CBW is shifted until the 	UE CBW is confined within BS CBW.
An example of the scheme is depicted in Figure 2.
Figure 2: Example of relation between UE CBW and active BWP[image: ]

When NS is needed for a newly defined CBW, there are two possible cases: the NS is also needed for CBW supported thus far or the NS is only for the new CBW.
3.2.1 	NS needed also for narrower UE CBWs 
In this case, it is expected that NS and its conditions have already been defined for legacy CBWs. Then there would be no problem when Fc for A-MPR is defined for all the possible ranges in a band: just to apply relevant A-MPR based on CBW/Fc assumed. 
When frequency position is defined discretely (probably) due to operators' spectrum holdings, there might be an issue for a BWP to cross a border of A-MPR but for such a case, it is not likely to apply a broading CBW.
[Observation-6] Application of A-MPR is straightforward when the same A-MPR is also defined for narrower CBWs. 

3.2.2	NS needed only for newly defined CBW
When the NS is for the new CBW alone, this implies that narrower CBW UE defined thus far can transmit without limitation other than MPR. Thus, there would be no problem on the placement of UE CBW in principle. Note that, if there is a condition such as CC placement to make operation free from A-MPR in previous releases, the condition should be preserved in broader CBW in terms of BWP placement for legacy UEs.
However, in this case, there is another concern called "unknown NS". In LTE, the issue has been discussed a number of times and it is broadly recognized that the behaviour of UE is left unspecified in RAN2.
But in NR, since a broader CBW tends to violate a protection requirement for a frequency in vicinity, it is likely to add a new NS in the later release for the broader CBW. Then,  
[Observation-7] UE behaviour for "unknown NS" should be changed in NR to guarantee the addition of a new CBW in a future release.

4	Conclusion
This paper addresses potential issues when CBW of UE and BS are not agreed. Prime observations are:
	1) Clarifications on actual CBW assumed for a (legacy) UE are needed relative to a BS CBW, 
	2) REL-15 UE should be addressed for forward compatibility, and 
	3) Handling of "unknown NS" should be changed. 
Group's further discussion is highly expected. 

Reference
TS38.101-1 (v15.2.0).
TS38.331 (v15.2.1)


Page 4

image1.png
Active BWP for
UE A (6M)





image2.png
UE CBW(10MHz)

Active BWP for
UE A (6M)

| Fc of UE CBW

UE CBW(10MHz)
- -

Active BWP for
UE A (6M)

UE CBW(5MHz)





