[bookmark: historyclause]3GPP RAN WG2 Meeting #109 electronic		R2-2000600
Elbonia, 24 Feb – 6 Mar 2020	

Agenda item:	5.4.3
Source:	Apple, Nokia, Nokia Shanghai Bell, OPPO, Intel
Title:	Handling of Fallbacks for Contiguous and Non-contiguous CA in FR2
Document for:	Discussion
1	Introduction 
During the RAN4#92 meeting, an issue was raised in [1] that there are many combinations of intra-band contiguous and non-contiguous CA configurations, especially in FR2. Generating all possible fallbacks for these combinations adds a huge amount of new combinations, and many fallbacks for the existing combinations are missing in the spec. Thus, it was agreed further by RAN WG4 to add the corresponding clarification to Rel-15 TS 38.101-2 [2] and TS 38.101-3 [3] that "a UE is not required to support all possible fallback combinations but can directly fall back to a single FR2 carrier". In addition to it, RAN WG4 sent an LS [4] asking RAN WG2 to check signalling to avoid mandating support of all possible fallback combinations.
In RAN2#107bis, this issue was discussed in a email discussion [5]. 5 potential solutions were discussed and captured in [5]. In RAN2#108 meeting, this issue was further extensively discussed during online and offline discussions. In [6], one nice solution proposed by the rapporteur perfectly addresses the concerns raised by companies.
In this contribution, we explained how these concerns are addressed.
2  Discussion on FR2 CA fallback exception
The compromised solution proposed in [6] was excerpted below. 
	· Step 1: The network indicates using a 1-bit filter in the Capability Enquiry message asking the UE to report problematic band combinations (containing a band with FR2 intra-band CA with multiple-sublock part of the band combination may only fallback directly to bandwidth class A).
· Step 2: A 1-bit indication is added by the UE to flag a problematic band combination in the Capability Information message.
· Step 3: All the problematic band combinations in Step 2 are reported in a separate list of band combinations to avoid the issue that legacy network does not interpret the 1-bit in the band combination and neither understands the 1-bit in the filter.
· Step 4: A legacy gNB will never know anything about problematic band combinations but a gNB that implements this behavior will be able to configure the problematic band combination with the restriction agreed in RAN4.



The main concerns with respect to the solution from companies are collected and analyzed below.
Concern 1: Non-backward compatible change
The solution proposed in this paper is a compromised one taking NW side capability into account. UE only reports the new problematic band combination container upon network side indication in UECapabilityEnquiry message. In addition, since the problematic band combinations are contained in a separate container, even if the new UE capability message is transferred to a legacy gNB, the legacy gNB would not be able to comprehend it. Therefore, the change from the presented solution is backward compatible.
Observation 1: The change from the presented solution is backward compatible.
Concern 2: The principle of UE implicit support of all fallback band combinations is changed
We believe the legacy specification does not force UE to support all the fallback cases if UE supports one superset band combination. If UE does not support all the fallback band combinations, UE should not put the superset band combination into its capability. That is to say, the conventional supported band combination list in the presented solution contains exactly the same band combination list as legacy implementation. The only difference is with the solution here, UE is allowed to additionally report the supported superset band combination even if it does not support all the fallback band combinations.
Observation 2: Legacy specification does not force UE to support all the fallback band combinations if UE supports one superset band combination.
Concern 3: UE capability signaling increases significantly
As explained above, in legacy implementation, if UE does not support all the fallback band combinations of one superset band combination, UE does not include the super set band combination into UE capability. Instead, UE only reports the child band combinations for which it supports all the fallbacks. In the example shown in the figure below, in legacy way, UE reports band combination (A+B) and (A+C) in UE capability. In the presented solution, UE reports band combination (A+B) and (A+C) in the legacy container, and reports band combination (A+B+C) in the new band combination container. The only increase on signaling is the superset band combination (A+B+C). The signaling increase is minor but brings about significant benefits in enabling the network to configure UE with a higher order band combination and accordingly boosting the data throughput.
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Fig.1 – BC Tree with supported and unsupported BCs
Observation 3: The new UE capability signalling on problematic band combination brings about significant benefits in enabling the network to configure UE with a higher order band combination and accordingly boosting the data throughput, with minor signalling increase.
Since the newly introduced container can implicity indicate it is for the band combinations which does not suppor all the fallbacks, the 1-bit indication by the UE to flag the problematic band combination is not needed any longer. To sum up, we have the following proposals:
Proposal 1: RAN2 to agree on the proposed solution:
· Step 1: NW side indicates with 1-bit in the UECapabilityEnquiry message asking UE to report the band combinations with fallback exceptions. 
· [bookmark: _GoBack]Step 2: UE reports the band combinations with fallback exceptions in a separate band combination container supportedBandCombinationList-FR2CAFallbackException together with one bit indication.
Proposal 2: RAN2 to agree on the companion Rel-16 CR(s) to TS38.331 [7] and TS38.306 [8].
3	Conclusions
In this contribution, we provided the solution to address the issue brought up by RAN4 on FR2 fallback exceptions for contiguous and non-contiguous CA.
Observation 1: The change from the presented solution is backward compatible.
Observation 2: Legacy specification does not force UE to support all the fallback band combinations.
Observation 3: The new UE capability signalling on problematic band combination brings about significant benefits in enabling the network to configure UE with a higher order band combination and accordingly boosting the data throughput, with minor signalling increase.
Proposal 1: RAN2 to agree on the proposed solution:
· Step 1: NW side indicates with 1-bit in the UECapabilityEnquiry message asking UE to report the band combinations with fallback exceptions. 
· Step 2: UE reports the band combinations with fallback exceptions in a separate band combination container supportedBandCombinationList-FR2CAFallbackException together with one bit indication.
Proposal 2: RAN2 to agree on the companion Rel-16 CR(s) to TS38.331 [7] and TS38.306 [8].
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5 Annex on Background
In the E-UTRA specs it was introduced that a UE needs to support all fallbacks for the supported CA combinations. The same approach has been generally used also for NR, however, there are many more complicated combinations in NR especially within FR2. Fallback groups have been defined to mitigate this a bit by not mandating fallbacks outside the fallback group. However, there are certain CA combinations in FR2, which are a combination of contiguous and non-contiguous CA; and these CA combinations can also be part of EN-DC/NE-DC combinations. Examples are all the combinations which have dashes within the bandwidth class part or have multiple blocks of contiguous carriers like CA_n260(2O), CA_n260(H-I), CA_n260(2A-2O-Q). While we have fallback groups for contiguous CA, fallback groups or other limitations of fallbacks are missing for combinations of contiguous and non-contiguous fallbacks. Currently this sentence on fallbacks is in 38.101-3:
“A terminal which supports an inter-band EN-DC configuration with a certain UL configuration shall support the all lower order DL configurations of the lower order EN-DC combinations, which have this certain UL configuration and the fallbacks of this UL configuration.”
This sentence does not clearly say how the fallbacks are generated and which combination is considered a fallback. Therefore, it is unclear which fallbacks are to be supported and which not. Also, assuming all combinations as fallbacks that result from removing one carrier after the next results in a huge number of additional combinations, that would need to be supported in the spec and in the UE. In the current specs many of these fallbacks are missing.
One relatively simple example of such a combination is DC_2A_n261(H-I). However, already this simple example generates a fallback tree with 12 fallbacks, as shown in figure 1:
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Figure 1: Fallback tree for DC_2A_n261(H-I) 
There are much more complicated CA combinations that will create many more combinations like CA_n260(2A-2O-Q) and there are many of these combinations. For CA_n260(2A-2O-Q) figure 2 shows the fallback tree with 46 unique fallback combinations (all duplicates already removed). This combination is already in 38.101, however, most of these  fallbacks are missing. Figure 3 shows a visualization of what CA_n260(2A-2O-Q) means.
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Figure 2: Fallback tree for CA_n260(2A-2O-Q) 
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Figure 3: Visualization of CA combination CA_n260(2A-2O-Q) 
Usually, an operator requesting a particular band combination is just interested in the original combination. Of course, there should be a possibility not to use some of the carriers, and this can always be done by deactivating one or more carriers of a combination. Nevertheless, it seems that supporting all the fallback combinations as stand-alone combinations is not needed in real network deployments. 
Observation 4a:	Especially FR2 combinations with combined contiguous and non-contiguous intra-band CA generate a huge amount of fallback combinations.
Observation 4b:	Each single of the additional fallback combinations add to the already huge number of CA/DC combinations in 3GPP adding a lot of work for the rapporteurs and needs to be implemented separately in the UE as well as tested for the UE type approval.
Observation 4c:	Fallback FR2 combinations with combined contiguous and non-contiguous intra-band CA seem to be not needed, as long as it is possible to deactivate some of the carriers.
Due to these observations, RAN WG4 discussed and agreed to modify fallback requirements in the specification in such a way that fallbacks of combined contiguous and non-contiguous FR2 intra-band combinations are allowed to directly fallback to bandwidth class "A". As said above, this does not mean that some carriers of the original combination cannot be deactivated, but the fallbacks cannot be used as a stand-alone combination. The corresponding CR were agreed in [2] and [3], in which the following clarification was captured. 
 "A terminal which supports CA or DC configurations, which include FR2 intra-band CA combinations with multiple subblocks, where at least one of the subblocks consists of a contiguous CA combination is not required to support all fallback combinations but can directly fall back to a single FR2 carrier." 
With such change, for FR2 intra-band contiguous and non-contiguous band combinations, gNB should consider the UE only support the reported CA band combination and the one single carrier. In details, gNB can only configure the UE with the reported FR2 intra-band CA combination in RRCReconfiguration message. However, gNB can still perform Scell(s) deactivation to achieve lower order CA after the reconfiguration. It is also worth noting that the corresponding clarification was agreed to both Rel-15 and Rel-16. 
Observation 5:	RAN WG4 agreement applies to both Rel-15 and Rel-16.
Apple Inc.
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