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1 Introduction
In RAN2#100, it was confirmed that the SDAP header size will be 1 octet.
Agreements
=>	SDAP header remains fixed to 8 bits.   The details are FFS.  

Furthermore, CT1 has agreed in C1-175370 [1], that the size of the QFI field will be 1 octet. Since the SDAP header in the downlink has to carry at least the QFI and RQI fields, it appears that the agreements in different working groups are not mutually consistent. 
One possible approach would be to request CT1 to modify the QFI size to 7 bits or less, since SA2 has suggested in their LS [2] that a 7 bit QFI field would suffice from their perspective. However, according to TS23.501 [3], “The QFI may be dynamically assigned or may be equal to the 5QI”. Since LTE QCI field size is already defined as 8 bits in [4], the length of the 5QI field should not less than the length of QCI as 5G is expected to provide finer QoS granularity than LTE.
Accordingly, in this paper, we investigate solutions to reduce the size of QFI and RQI in SDAP header to meet the expressed requirements of both RAN2 and CT1.
2 Discussion
2.1. QFI Parameter
The QFI parameter carried in SDAP header is used to identify an ongoing QoS flow among other traffic flows, it need not necessarily equal the same value in the NAS layer. Although there can be 255 distinct values for QFI in the NAS layer, we do not think that the UE will ever have to simultaneously support that many flows. In order to keep the SDAP header as compact as possible, we propose to use a mapped-QFI instead of NAS QFI in the SDAP header to shorten the QFI field size. 
Proposal 1: Use mapped-QFI instead of NAS QFI in SDAP header to shorten the QFI field size.
The size of the mapped QFI field can be set based on the maximum number of QoS flows that the UE is expected to concurrently support (e.g., 32 or 64).
Proposal 2: The length of mapped-QFI is 5 or 6 bits, depending on the maximum number of QoS flows that the UE is expected to concurrently support.
A final decision on the mapped QFI size can be decided in conjunction with SA2. If proposal 2 is agreeable, then MediaTek would be happy to draft an LS to SA2 on this topic.
Proposal 2.a: An LS to be sent to SA2 requesting their guidance on the size of the mapped QFI field.
To mitigate the impact on NAS layer, QFI mapping should be done in SDAP layer. The SDAP shall handle the association between NAS QFI and mapped-QFI, and make sure the QFI mapping is transparent to NAS layer. In DL, the gNB SDAP converts QFI from N3 packet to mapped-QFI and sends it to the UE. When the UE SDAP receives the SDAP PDU, it reverts mapped-QFI back into NAS QFI with same association used in the gNB and forwards the reverted QFI to NAS. Symmetric operation is also performed in UL, where the UE SDAP converts NAS QFI to mapped-QFI and the gNB SDAP reverts mapped-QFI back into original NAS QFI. An example is shown in Figure 1.  
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Figure 1: Example procedure of QFI mapping and demapping
Proposal 3: QFI mapping is done in SDAP layer to handle the association between NAS QFI and mapped-QFI, and it is transparent to NAS layer.
The mapping between (NAS) QFI and mapped QFI can be either static or dynamic. In static mapping, the association is hardcoded in the spec (e.g. RRC or SDAP spec.). In dynamic mapping, the association is defined by RRC signalling. Static mapping may suffice for Release 15 since currently the NAS QFI only uses 16 standardized values according to Section 5.7.4 in [3], as an example shown in Table 2. However dynamic mapping is more future-proof, and may also be needed for operator defined (proprietary) QFI values.
	
	GBR
	Non-GBR

	NAS QFI value
	1
	2
	…
	65
	66
	75
	5
	…
	70
	79

	Mapped-QFI value
	1
	2
	…
	5
	6
	7
	8
	…
	14
	15



Table 2: An example association between NAS QFI and mapped-QFI
Proposal 4: The association between NAS QFI and mapped-QFI in SDAP can be predefined and/or provided through RRC configuration. 
2.2 RQI parameter
Many previous contributions have pointed out potential issues with RAN2’s previous working assumption of using 1 bit RQI. For example, [5] provided a clear illustration of possible scenarios where 1 bit RQI is not sufficient.
	Example
	NAS RQ
	AS RQ
	DL QoS flow -> DRB mapping
	NAS RQ Issues
	AS RQ Issues

	1.1
	N
	active
	change
	Activated Unexpectedly
	None

	1.2
	N
	active
	remain
	Activated Unexpectedly
	None

	2.1
	N
	de-active
	change
	None
	None

	2.2
	N
	de-active
	remain
	None
	None

	3.1
	Y
	active
	change
	None
	None

	3.2
	Y
	active
	remain
	None
	None

	4.1
	Y
	de-active
	change
	None
	Activated Unexpectedly

	4.2
	Y
	de-active
	remain
	None
	None


Table 2: An example association between NAS QFI and mapped-QFI
From the table, it can be seen that problems arise when the NAS reflective QoS and AS reflective mapping are out-of-sync, i.e., NAS RQ is activated but AS RQ is not activated, or AS RQ is activated but NAS RQ is not. By sharing the same RQI bit, the activation of one layer falsely triggers the activation of another layer, which misleads UE into creating incorrect mapping. 
To resolve this issue, some companies propose to couple NAS and AS Reflective procedures, e.g., AS reflective mapping is only used when NAS reflective QoS is updated on the same packet. However, such proposal limits the usage of AS reflective mapping. As 5G is expected to support a large number of services and use cases, it is important to provide more flexible control with minimal limitation. Therefore, we propose to keep the NAS reflective QoS and AS reflective mapping mechanisms independent, as agreed in RAN2#AH2.
Proposal 5: Reconfirm that the NAS and AS Reflective QoS mechanisms will be independent.
Although a straightforward solution is using two separate RQI bits, it is also possible to use single RQI bit. Since AS mapping can always be supported via RRC configuration, the gNB can choose whether or not to use AS reflective mapping to avoid the RQI ambiguity in the UE. The gNB shall also explicitly indicate the usage to the UE, which can be done by adding a “RQI applicability” in initial RRC configuration. If NAS RQ is active, the gNB sets the RQI applicability to “NAS” and shall not use AS reflective mapping. If NAS RQ is not active, the gNB may choose to use AS reflective mapping and consequently indicate the RQI applicability to “AS”. In the UE side, RQI notification is always sent to the appropriate layer specified by the RQI applicability.  
Observation 1: The gNB can avoid RQI ambiguity in the UE by choosing whether or not to use AS reflective mapping.
Proposal 6: The gNB explicitly indicates to the UE whether AS reflective mapping is going to be used or not by adding a “RQI applicability” in initial RRC configuration.
Proposal 7: The UE always applies RQI to the layer specified by RQI applicability.
3 Conclusions
In this paper, we made the following observations and proposals: 
Proposal 1: Use mapped-QFI instead of NAS QFI in SDAP header to shorten the QFI field size.
Proposal 2: The length of mapped-QFI is 6 or 7 bits, depending on the maximum number of QoS flows that the UE is expected to concurrently support.
Proposal 2.a: An LS to be sent to SA2 requesting their guidance on the size of the mapped QFI field.
Proposal 3: QFI mapping is done in SDAP layer to handle the association between NAS QFI and mapped-QFI, and it is transparent to NAS layer.
Proposal 4: The association between NAS QFI and mapped-QFI in SDAP can be predefined and/or provided through RRC configuration. 
Proposal 5: Reconfirm that the NAS and AS Reflective QoS mechanisms will be independent.
Observation 1: The gNB can avoid RQI ambiguity in the UE by choosing whether or not to use AS reflective mapping.
Proposal 6: The gNB explicitly indicates to the UE whether AS reflective mapping is going to be used or not by adding a “RQI applicability” in initial RRC configuration.
Proposal 7: The UE always applies RQI to the layer specified by the RQI applicability.
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