


3GPP TSG-RAN WG2 Meeting #105-Bis                                                         R2-1903059
Xi’an, China, 8th April – 12th April 2019                                               (Resubmission of R2-1900368)
[bookmark: _GoBack]
Agenda Item:	11.2.1.2
Souce:	MediaTek Inc.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Title:	CAPC for SRBs in NR-U
Document for:	Discussion and decision
1 Introduction
The NR-U WID lists the following objective:
Introduction of access priority for control signalling (transmissions over SRBs) over unlicensed carriers (highest access priority). 
The topic of channel access priority class to be used with LBT was discussed during the SI phase and the following conclusions were reached.
For channel access and transmissions in NR-U the mechanisms and associated signaling adopted by LTE LAA (e.g. standardized QCI to access priority mapping for DL and UL, how access priority per logical channel is determined for scheduled UL and AUL transmissions etc) are used as the baseline. Any changes due to new physical layer design and channel access mechanisms for NR-U (e.g. introduction of PRACH, support of FBE) can also be introduced.
In addition, access priority for control signaling (transmissions over SRBs) over unlicensed carriers should be introduced for stand-alone and DC NR-U. In this case, it is assumed that control signaling will have the highest access priority.
In this contribution, we consider uplink SRB transmission, and provide out views on two related topics.
1. Should all SRBs use the same value of CAPC?
2. How do we ensure that MAC PDUs transporting SRBs use the desired value of CAPC?
2 Discussion
2.1 Which CAPC value to use?
In the case of LTE LAA [3], a UE can transmit in the uplink by accessing an unlicensed carrier using either Type 1 or Type 2 UL channel access procedure. If Type 1 LBT is used, then the UE has to determine the channel access priority class (CAPC) to use for performing LBT. Table 4.2.1-1 of [3] lists various LBT related access parameter values associated with each value of CAPC, reproduced below as Table 1.
	
Channel Access Priority Class ()
	

	

	

	

	
allowed sizes

	1
	2
	3
	7
	2 ms
	{3,7}

	2
	2
	7
	15
	4 ms
	{7,15}

	3
	3
	15
	1023
	6ms or 10 ms 
	{15,31,63,127,255,511,1023}

	4
	7
	15
	1023
	6ms or 10 ms
	{15,31,63,127,255,511,1023}

	


NOTE1: For ,  =10ms if the higher layer parameter 'absenceOfAnyOtherTechnology-r14' indicates TRUE, otherwise,  =6ms. 

NOTE 2: When =6ms it may be increased to 8 ms by inserting one or more gaps. The minimum duration of a gap shall be 100 µs. The maximum duration before including any such gap shall be 6 ms. 
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Based on the multiple scenarios agreed in the NR-U WID [1], it is expected that NR-U systems will have to support transmission of all types of signalling bearers (SRB0, SRB1, SRB2, and SRB3). A few of the RRC messages transported by these signalling bearers is provided in Table 2.
	SRB Type
	Logical channel
	RRC messages

	SRB0
	CCCH
	DL: RRCSetup, RRCReject, RRCReestablishment
UL: RRCSetupRequest, RRCResumeRequest, RRCReestablishmentRequest, RRCReestablishmetComplete

	SRB1
	DCCH
	DL: SecurityModeCommand, RRCReconfiguration, RRCRelease
UL: SecurityModeComplete, SecurityModeFailure, RRCReconfigurationComplete, 

	SRB2
	DCCH
	DL: DLInformationTransfer
UL: ULInformationTransfer

	SRB3
	DCCH
	Similar to SRB1 for RRC messages involving the UE and SgNB for EN-DC and NR-DC
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It is worth noting that the RRC messages listed in Table 2 do not all require the same level of QoS performance at least in terms of latency. Assigning high priority CAPC to all SRBs may lead to some undesirable situations, e.g., a UE transmitting SRB2 carrying SMS text in a NAS container may win contention over another UE attempting to transmit latency sensitive data or critical RRC message.
Observation 1: Assigning the highest priority CAPC to all SRBs may result in undesirable outcomes with non-critical RRC messages being prioritized over latency critical RRC messages and data.  
It is not obvious though that the performance issue identified above is critical since we expect the data rate of RRC messages to be quite low. We think that there are two reasonable options for RAN2 to choose.
Option 1: Assign the same CAPC to all SRBs
Option 2: Assign the CAPC based on SRB type 
Option 1 has the advantage of being the simpler option, and directly satisfying the objective of the WID stated in the introduction. Option 2 is also fairly simple, may require no explicit configuration from the network if the CAPC values are hardcoded in the RRC specification, and potentially render better system performance.
Proposal 1: RAN2 to choose between option 1 (same CAPC value for all SRBs) and option 2 (different CAPC values for different SRBs).
If Option 1 is chosen, then we should assign the highest priority CAPC (=1) to all SRBs
Proposal 2: If Option 1 is chosen, then UE wanting to transmit SRBs using LBT Type 1, will use the highest priority CAPC (p=1).
If Option 2 is chosen, then the choice of which CAPC to use for each SRB type could be either left to network implementation or hardcoded in the RRC specification. However, we think SRB0, SRB1, and SRB3 should be assigned the same value of CAPC since they carry latency critical RRC messages, and SRB2 could possibly be assigned a lower priority.
Proposal 3: If Option 2 is chosen, then the default CAPC value for SRB0, SRB1, and SRB3 should be the highest priority value (p=1), and SRB2 should use the next highest priority CAPC (p=2).
In the sequel, we discuss how to ensure that MAC PDUs transporting SRBs use the desired value of CAPC. 
2.2 How does the UE determine the CAPC value to use?
LTE LAA [2] [3] specifies two mechanisms that can be used by the network to control the CAPC to be used by the UE for uplink transmissions. For dynamic scheduling, the UL grant issued by the eNB indicates both the type of LBT (Type 1 or Type2) as well as the CAPC (in case of Type 1) that is to be used by the UE for PUSCH transmission. 
On the other hand, for configured grants, i.e., Type 1 autonomous uplink (AUL) channel access, the eNB signals the CAPC for each logical channel, and the UE selects the lowest priority CAPC of the logical channel with data in the MAC PDU formed after executing LCP. 
Observation 2: In LTE LAA, the CAPC used by the UE is either explicitly provided by the eNB (dynamic scheduling) or derived from a mapping from logical channels to CAPC (AUL).
We now evaluate if the LAA baseline can be used to satisfy the CAPC requirements for SRB transmission (either based on Proposal 2 or Proposal 3). For the sake of simplicity, we assume that Proposal 2 is agreed, i.e., the UE performs Type 1 LBT access with highest priority CAPC for MAC PDUs that contain SRBs, but the following discussion applies equally well in the case Proposal 3 is agreed.
In the case of Type 1 AUL access, the UE selects the lowest CAPC of the logical channel with data in the MAC PDU, so any MAC PDU containing only SRB or high priority data will result in the UE contending for access using a CAPC value of 1, as desired.
Observation 3: The LTE LAA principle for type 1 AUL channel access satisfies the requirement of using high priority channel access for SRB transmission if the MAC PDU only contains data from SRBs or high priority data.
If the MAC PDU happens to contain data belonging to a logical channel with a lower priority CAPC, then the UE will employ the lower priority CAPC. Since we have agreed to stick to the LTE LAA baseline, such behaviour should be allowed.
Proposal 4: The LTE LAA AUL mechanism governing Type 1 LBT channel access is reused in NR-U.
However, the situation with dynamic scheduling is somewhat problematic. For dynamic scheduling in LTE LAA, the eNB is expected to choose a suitable CAPC based on the latest BSR and received uplink traffic. It is possible that the eNB does not have an accurate picture of the buffer status of the UE, and may not be able to predict that the UE has SRB data to transmit. Consider, for example, the scenario where an uplink RRC message is generated after the UE send an SR/BSR but before it receives a grant. If the SR/BSR was used for a low priority logical channel, then it is possible that the eNB provides a grant indicating that the UE use a low priority CAPC. However, since SRBs are high priority, it is very likely that LCP results in a MAC PDU containing the RRC message. This MAC PDU is however transmitted using low priority CAPC even if there is no data other than SRB, defeating the objective of the WID to use high priority channel access for SRBs.
Observation 4: The LTE LAA baseline for dynamic scheduling can occasionally result in SRBs being transmitted using low priority CAPC.
One approach to solve this issue would to use the same mechanism for CAPC determination that is used with AUL. This mechanism allows the UE to select the appropriate CAPC value that is consistent with the QoS requirements of the data that is actually transmitted. 
Proposal 5: As baseline, the UE determines the CAPC value to use based on LTE LAA AUL principles for both dynamic and (type 1) AUL scheduling.
It may be noted that the mechanism advocated in Proposal 4 is completely under network control since it is the network that assigns CAPC values to each logical channel. 
In LTE LAA, it is the responsibility of the eNB to ensure that UE transmission time using a particular CAPC value does not exceed the maximum channel occupancy time (MCOT) for that particular CAPC value (See column 5 of Table 1). If Proposal 4 would be agreed, then the UE will have to assume this responsibility
Proposal 6: The UE ensures that the MCOT limits for each CAPC are met.
The UE can respect MCOT limitation, for example, by initiating a new LBT procedure once the current transmission hits the MCOT value. However the details of LBT access have been captured in RAN1 specifications, and it seems best to inform RAN1 of our agreements and to let them discuss how their specifications need to be updated.
Proposal 7: If Proposal 5 is agreeable, send an LS to RAN1 asking them to update their specification, 
3 Conclusions
In this contribution, we discuss access priority for control signalling. Our proposals and observations are summarized below.
Observation 1: Assigning the highest priority CAPC to all SRBs may result in undesirable outcomes with non-critical RRC messages being prioritized over latency critical RRC messages and data.  
Proposal 1: RAN2 to choose between option 1 (same CAPC value for all SRBs) and option 2 (different CAPC values for different SRBs).
Proposal 2: If Option 1 is chosen, then UE wanting to transmit SRBs using LBT Type 1, will use the highest priority CAPC (p=1).
Proposal 3: If Option 2 is chosen, then the default CAPC value for SRB0, SRB1, and SRB3 should be the highest priority value (p=1), and SRB2 should use the next highest priority CAPC (p=2).
Observation 2: In LTE LAA, the CAPC used by the UE is either explicitly provided by the eNB (dynamic scheduling) or derived from a mapping from logical channels to CAPC (AUL).
Observation 3: The LTE LAA principle for type 1 AUL channel access satisfies the requirement of using high priority channel access for SRB transmission if the MAC PDU only contains data from SRBs or high priority data.
Proposal 4: The LTE LAA AUL mechanism governing Type 1 LBT channel access is reused in NR-U.
Observation 4: The LTE LAA baseline for dynamic scheduling can occasionally result in SRBs being transmitted using low priority CAPC.
Proposal 5: As baseline, the UE determines the CAPC value to use based on LTE LAA AUL principles for both dynamic and (type 1) AUL scheduling.
Proposal 6: The UE ensures that the MCOT limits for each CAPC are met.
Proposal 7: If Proposal 5 is agreeable, send an LS to RAN1 asking them to update their specification, 
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