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1	Introduction
The support of NR-NR CA with up to 2 different numerologies within the same PUCCH group (PUCCH sent on the CC with smaller SCS) was agreed in RAN#78. 

While most of the issues for cross-carrier scheduling for same numerology were resolved in RAN1#94, there remain some details to be decided for cross-carrier scheduling with different numerologies. To that end, the removal of this feature from Rel-15 was brought up in RAN1#94 alleging much remaining work to complete the specification of the feature.

In this contribution we analyze the feature and the work remaining to complete its specification to decide whether or not to attempt completion within Rel-15 (as a correction).  

[bookmark: _Ref510803863]2	Open issues
In the following, a summary of the open items to support cross-carrier scheduling with different numerologies is discussed:
· Issue 1: Scheduling control to scheduled data (allowed) timing relationships
· Issue 2: CCE/BD limits and overbooking handling
· Issue 3: Number of valid scheduling DCI capability
[bookmark: _Toc503314554][bookmark: _Toc503531337][bookmark: _Ref503531383]
2.1	Issue 1: Scheduling control to scheduled data (allowed) timing relationships
Issue 1 is particularly critical as it determines UE requirements related to additional buffering and non-causal processing. 
The boundary conditions for this were agreed in the past (RAN1#93) where the following agreements were made: 
Agreements:
· Cross-carrier scheduling should at least satisfy the causality constraints between scheduling PDCCH and PDSCH as for self-scheduling, also taking into carrier timing difference
· Note: in the case of mixed numerology, limitations on the number of symbols to buffer need to be taken into account
· For cross-carrier scheduling across different numerology
· FFS: how to specify additional constraints related to K0 to address the number of symbols which may need to be buffered 
==
There has been offline discussion on this issue. The following is an excerpt from the feature lead’s summary [1]:
In this meeting, several companies [MTK, HW, QC, Intel] provided proposals for cross carrier scheduling causality to reducing e.g., buffering requirements on UE side. Note that current values in the RRC 38.331 for K0 and K1 now include [0…32], so having minimum K0 scheduling requirements would not hurt the flexibility of NR. So such a requirement would improve implementations.
The proposal to define a minimum K0 threshold has also been briefly discussed during online session. The Chairman’s guidance is to cleanly define a set of values in a table that can be defined in the spec. UE capability or RRC configuration options had been ruled out.
For example, the following table can be considered:
Table 1: Proposed minimum values X (Alt-2)
	Scheduling CC
Scheduled CC
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	15 kHz
	0
	
	
	

	30 kHz
	1 
	0
	
	

	60 kHz
	2 
	1 
	0
	

	120 kHz
	3 
	2 
	2 
	0



Details on cross-carrier scheduling for Case 1-2 and 2 PDCCH monitoring can be further discussed.

Observation: Issue 1 should be easily addressable. Limitations of applicability, e.g., only to Case 1-1 scheduling could be considered to expedite the completion of specification of the feature.

2.2 Issue 2: CCE/BD limits & overbooking handling
There has been steady progress on this topic and the current status can be summarized as follows (based on feature lead summary [2]):
	Relationship between 4, y and T
	Self-scheduling
	Cross-carrier scheduling

	
	Same numerology
	Mixed numerologies
	Same numerology
	Mixed numerologies

	T=<4 or 4<T=<y
	Case 1
The limit per CC per slot equal to the limit for non-CA case
	Case 4
The limit of the scheduling CC per slot is (number of scheduled CCs)*limit for non-CA case
	Case 6

	T>4 and T>y
	Case 2
The total limit across CCs is based on BD capability and can be split across CCs
	Case 3
The total limit across CCs per μ is based on BD capability.
The limit per μ is y*M(μ) and proportion of the number of CCs with μ to the total number of CCs.
	Case 5
(Decided in RAN1 #94)
Same as Case 2
	Case 7



In RAN1 #94, Case 5 has been decided with the following agreements:
Agreements:
RAN1#93 agreements are updated as follows (to cover Case 5):
· For self-scheduling with same numerology or for cross-carrier scheduling with the same numerology for all the DL serving cells, and the number of DL-CCs is more than 4 and with up to T DL-CCs where the UE reports BD capability of y < T, the limit of BDs/CCEs per CC per slot is
· The total number of BDs/CCEs across CCs is based on UE BD capability. It can be split across CCs, subject to the non-CA limit on each CC.
· For SCell, NW ensures no overbooking based on non-CA case occurs. For cross-carrier scheduling, BDs/CCEs overlapped across DL serving cells are independently counted (i.e., counted per serving cell).
==
The remaining open items are Case 6 and 7 for cross-carrier scheduling with different numerologies. The framework to resolve these open items are in place, and companies have submitted proposals. Discussions took place during RAN1#94 and the progress had been captured in the feature lead’s summary.
Case 6: Cross-carrier scheduling with mixed numerologies, and the number of DL-CCs is up to 4 or with up to T DL-CCs where the UE reports BD capability of y >= T
[image: ]
The feature lead’s recommendation is to select the solution among the following two alternatives:
· Alt.1: The limit of BDs/CCEs of the scheduling CC is determined based on the numerology of the scheduling CC.
· Alt.2: The limit of BDs/CCEs of the scheduling CC is determined based on the combinations of numerologies for {scheduling CC, scheduled CC}.
Case 7: Cross-carrier scheduling with mixed numerologies, and the number of DL-CCs is more than 4 and with up to T DL-CCs where the UE reports BD capability of y < T
For Case 7, the feature lead’s recommendation is to extend the proposal for Case 5 in the same way as was done for Case 3. 
Observation: Issue 2 should be addressable with a bit more discussion in RAN1.
2.3	Issue 3: Number of valid scheduling DCI capability
There has been some discussion in RAN1 on the maximum number of valid DCI that is supported by the UE. This limit should scale with the number of serving cells, defined with respect to a time unit related to scheduling granularity.
For cross-carrier scheduling with mixed numerology, in the worst case of a 15kHz SCS carrier scheduling a 120kHz SCS carrier, there can be up to 8 DL scheduling DCIs (to achieve continuous scheduling). If the number of carriers is 8 and the PCC is scheduling all 7 SCC and itself, hypothetically 8 DCI * 8 = 64 DCIs have to be processed in a single slot for the scheduling carrier. Whether this fits within the BD limit aside, it could be challenging for UE implementation to support this number of valid DCIs from a single scheduling carrier.
A reasonable limit on the number of valid DCI for single carrier, and how this limit can change with multiple carrier with same or different numerology can be discussed and agreed.
At least one company submitted contribution discussion this open item in RAN1 #94. For simplicity, max numbers for valid DCI with respect to the number of carriers and the numerologies can be defined in spec.
Alternatively, constraints on the number of carriers that can be cross-scheduled by a single carrier, or a constraint on the maximum SCS disparity between the scheduling and the scheduled CC can be discussed and agreed.
Observation: RAN1 should agree on value to limit UE complexity. 

3 Conclusion
Based on the analysis presented in this contribution, we suggest attempting the completion of the specification of this feature in Rel-15 as a (late) correction. As an incentive to interested companies to achieve consensus on the remaining open issues, RAN could agree that the feature would be removed from Rel-15 unless it is completed in Q4-18. 
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A. Annex
A.1 Issue 1 Details
Compared to the self-scheduling baseline, the buffering requirement for cross-carrier scheduling can be higher due to worse PDCCH timeline. This is evident for the scenario where the carrier with larger SCS schedules the one with smaller SCS.
	Self-scheduling: CC2 is scheduled by itself, k0=0
[image: ]

	Cross-carrier scheduling: CC2 is scheduled by CC1, k0=0 is allowed
[image: ]



The extra buffering requirement is due to the extra latency for PDCCH scheduling CC2 being decoded based on CC1 timeline, relative to the self-scheduling case for which PDCCH can be decoded based on a tighter timeline.
It is evident that if k0 is constraint to be greater than or equal to some non-zero threshold, the extra buffering requirement can be reduced or eliminated.
Another scenario is when the SCS of the scheduling carrier is much smaller than that of the scheduled carrier, slot level non-causality may result. For example, the scheduling carrier’s SCS is 15kHz and the scheduled carrier’s SCS is 120kHz, the disparity is by a factor of eight. It is obvious that an additional constraint of “minimum k0 threshold” would alleviate or eliminate the non-causality condition.
	[image: ]



Cross-carrier scheduling support in Rel-15 should not result in significantly higher complexity in implementation (i.e. in terms of buffering and non-causal processing).
[bookmark: _GoBack]
A.2 	Other Issues with Cross-Carrier Scheduling
A.2.1		Search space configuration
This issue was discussed in RAN1 #94 and an LS is sent to RAN2 [3] for full specification support.
A.2.2 	QCL assumptions
As per current specification if the offset between the DCI scheduling a PDSCH and the PDSCH is less than a threshold, the UE is expected to receive the PDSCH using a default QCL. The default QCL is derived from the CORESET of the lowest CORESET ID in the latest slot when one or more CORESETS within an active BWP of the serving cell are configured for the UE. In most cases, there may not be a CORESET configured for the UE in the serving cell where the PDSCH is scheduled, and the QCL assumptions to receive the PDSCH may be ambiguous.
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