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1	Introduction
	R2-1915507	Report for [107bis#36] [NR R15] FR2 CA Fallbacks (Nokia)	Nokia, Nokia Shanghai Bell	discussion	Rel-15	NR_newRAT-Core

Proposal 1: RAN2 would aim to find a solution for the “FR2 fallbacks for multiple sub-blocks capability” has a low impact to the UE capability signalling container sizes (Option 3, 4 and 5 seem to fit here, exact details still pending for discussion).

Proposal 2: Send LS to RAN4 indicating 
Solutions which are BC/non-BC (including Option 5)
Indicate RAN2 preference of starting release? (at least not Rel-15)

DISCUSSION
- 	Nokia indicate that P1 comes from concerns on capability container sizes. 
- 	Apple support Option 3
- 	Docomo think option 5 is already available and is just network implementation, and the question is whether we need another solution.
- 	Ericsson think we should tell R4 to not do this. Apple think this is not possible. 
- 	Intel support P1 and think bw compatibility is important. Apple think for many cases there is no market yet so for many cases BW compatibility is not important.
- 	MTK think the discussion didn’t converge, and think we could indeed ask R4 if this is needed or not.
- 	Verizon think a solution is needed, and there are practical scenarios that need to be resolved. Option 5 is not possible. 
- 	Intel think we don’t need to send an LS. 
- 	Ericsson think it is not possible to support this request from R4. 
- 	Ericsson think there is a backwards compatibility problem. 
- 	Intel think that compatibility can be resolved such that a legacy network will not get reporting about problematic scenarios and can thus not configure those (in a wrong way).
- 	Docomo think we can request the UE to suppor all. 
- 	Verizon has many BC, magnitude of 1000’s. 

Offline 25, progress to see if options can be narrowed down, and described more clearly. Describe the BW compatibility issue and potential solutions more clearly, updated report in R2-1916498 (Nokia)



2	List of candidate solutions


	Solution direction
	Description
	Compatibility
	Impact to legacy network

	Solution 1: 1 bit added per band combination indicating that intermediate fallbacks are not possible.
[Proposed by Apple]
	The 1 bit indication tells the network that the given band combination does not support all the fallbacks but just the direct fallback to single CC.
	Changes done in backwards compatible manner.
	Legacy network cannot distinguish problematic and normal band combination.
As an example of A+B+C superset band combination, 
UE reports:
- A+B+C with the new one bit indication 

	Solution 2: RAN4 defines new BW classes for the fallbacks which means that the “NR CA bandwidth class” adds new types (e.g. R, S, T…) to indicate those bandwidth classes which suffer from the restriction that only direct fallback to A is allowed 
[Proposed by Intel]
	The new bandwidth class signalled for a given CA sub-block in a intra-band FR2 CA case will tell the network that this is a problematic band combination.
Support of the (superset) band combination for which intermediate fallbacks are not supported is not reported via the legacy capability signalling.
	Changes done in backwards compatible manner.
	Legacy network cannot understand the new bandwidth class.
Legacy NW cannot serve the (superset) band combination to the UE.  The CA bandwidth class refers to one single subblock in non-contiguous CA, thus Solution 2 can not cover the fallback of non-contiguous CA to one single carrier.

	Solution 3: Up to NW implementation (e.g. use of masked IMEI-SV) [Proposed by Docomo]
	A solution that does not need any standards impact. As for 3G and 4G networks, problematic UEs may be identified by implementation and dealt with.
	-
	No guarantee is promised that all operators across the world will operate in the same manner

	Solution 4: A separate BC list is populated by the UE for the problematic band combinations.
[Proposed by Intel]
	The UE synthesizes a separate list of band combinations and does not include the problematic band combinations as part of the normal band combination list.
	Changes done in backwards compatible manner.
	Legacy network can ignore the problematic band combinations.
Legacy NW cannot serve the (superset) band combination to the UE, if fallbacks are not supported.
As an example of A+B+C superset band combination with the problem case:
- UE reports A+B+C in the new container

	Solution 5: A bit in the Capability Enquiry asking the UE to report the problematic band combinations with the indication per BC (as in Option 1)
[Proposed by Qualcomm]
	The 1 bit indication in the capability request filter in the Capability Enquiry message tells the UE to include those problematic band combinations with the 1 bit indication per BC in the Capability Information.
The legacy gNB will never get the problematic combinations so this is bit more efficient than Solution 4.
	Changes done in backwards compatible manner.
	Legacy network cannot distinguish problematic and normal band combination. The UE is not allowed to include problematic band combinations in legacy network because legacy network never includes the 1-bit flag in UE Capability Enquiry message.
As an example of A+B+C superset band combination, 
UE reports:
- A+B+C with the new one bit indication 
In addition to the network controlled bit in the capability enquiry.



Additional questions raised during the discussion:
· Concern 1: Regarding both Option 1 and Option 5, considering one example. Assuming there is a band combination A+B+C, fallback A+B supports, but fallback A+C does not support. Is Option 1 or Option 5 in this case sets the bit for A+B+C that fallback does not support, and then for A+B the UE has to report the capabilities again to indicate its support?
· Answer: The UE cannot signal the support of band combination A+B+C. The UE can indicate the support for A+B, if the UE supports all the fallback band combinations of it. So, there will be 2 components; a problematic component A+B+C and then the regular one A+B.
· Concern 2: Explain exactly how solution 3 work? NW configure fallback band blindly and if reconfiguration fails, NW checks the BC as not supported for the IMEI-SV.
· Answer: There is no try and error effort. Operators know the specification of UE, before it is released into the market. Based on the information from UE vendors, NW is prepared to deliver IMEI-SV of the problematic UE to gNB and set the proper operation as to how the gNB treats such the UE.
· It could be the solution for some operators, but wondering whether it could be an universal solution for all operators.
· Concern 3: Solution 5 has the drawback that UE cannot report the superset band combination even though UE itself can support it
· Answer: That’s the existing behavior compliant to the standard, i.e. today the UE shall support all possible fallback combos of a superset combo, if not, then it is equivalent to not supporting the superset combo.
· 38.306 explicitly states "A fallback band combination resulting from the reported CA and MR-DC band combination is not signalled but the UE shall support it.". On the other hand, It is not explicitly described that a superset band combination not supporting all of fallbacks is not included in a list of "candidate band combinations". It is a gray area whether such the superset band combination is included or not, even with the current procedure.
· Concern 4: Solution 5 issue. -	NW sets the bit that it supports fallback to 1CC, in the UE capability enquiry. -	UE (which supports this CR) provides the fallback BCs with 1-bit stating that only 1CC fallback is supported. But the band combination signaling is still using legacy IEs, and the 1-bit is using the new extension. Later on, the capability is transferred to a legacy gNB (via AMF, or through PLMN based capability ID). The main point here is that the UE capability bit-string including the 1-bit extension for each BC is transferred to the legacy gNB. Since the legacy gNB does not understand the extension, it will only look at the legacy BC IEs, and can configure the UE with the BC, and can configure the UE to use fallback BCs. This creates a problem!!
· Answer: the potential way to solve this is using Solution-4 where the UE separates the problematic BCs using new signaling as shown below.  Hoping there is a better way, otherwise, we’d have to go with Solution-4, in which case the NW request change is not absolutely necessary.
· Concern 5: The implicit support of all fallback BCs is probably the single most significant saver of capability size and evaluation complexity that we made in NR. In LTE times RAN2 discovered very early (when adding the first 3CC combination, I think) that explicit signalling of all fallbacks does not scale. Adding support for implicit support later was a nightmare in LTE and hence we added it from day one in NR.  Don’t understand how RAN2 can consider removing the implicit support of fallbacks knowing that it will force UEs to advertise (many/most) fallbacks explicitly to avoid that the UE falls back all the way to 1CC. And with all those explicitly signalled fallbacks the capability signalling and parsing thereof will simply fail. It is RAN2 responsibility to maintain the signalling and hence RAN2 should just tell RAN4 that this is not going to scale and cannot be done. Solution 1, 4 and 5 break the principle to open the door to explicitly include fallback combos. Beyond the simple example you showed below, in fact, the UE needs to report multiple fallback variants in terms of where UL is present... It was one of the key issues we faced for LTE CA in the past.
· Answer: The understanding is that the problematic band combination is never reported to a legacy network.
· The 1 bit just isolates a problematic/normal band combination.
· If a BC is normal then the legacy gNB knows about it and if it is problematic then it is isolated away i.e. the legacy gNB cannot know of it whatsoever.
· Then it means that a legacy gNB would miss out on this band combination (i.e. not even able to configure based on the superset).
4	Conclusion
Based on the discussions on the email reflector and clarifications provided by the companies (Nokia, Nokia Shanghai Bell, Qualcomm, Intel, MTK, Apple, Docomo, Ericsson, Huawei, HiSilicon, CATT, Spreadtrum, Lenovo, CMCC, APTG, China Mobile) following is proposed as summary:
The proposed solution direction is based on what is described in 1, 4 and 5. The salient features of the way forward solution is as follows:
	· 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.


Tabular 4-1: Proposed solution direction (offline with 17 companies’ participation)
The principal advantages and disadvantages are:
	The solution has the main advantage that the legacy gNB is completely spared of getting into a problem by accidentally configuring a non-tested fallback. In addition, the principle of RAN2 that UE does not report fallbacks is fully preserved (if the UE will report the superset band combination EXACTLY ONCE i.e. in the normal band combination list or the problematic list i.e. the UE does not report the fallback combinations of the problematic band combinations which are normal).
[bookmark: _GoBack]The solution has a disadvantage that the legacy gNB misses out on the problematic band combination completely (i.e. there is an inherent performance impact as at least the top-level band combination cannot be configured to the UE.


Tabular 4-2: Advantages and Disadvantages of the proposed solution direction
