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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#107 meeting, the issue of the handling of deprioritized MAC PDUs in the process of intra-UE prioritization was not discussed due to lack of time and the Chairman decided to assign a summary paper to ease the discussion at next meeting: 
	General 	
DISCUSSION
- 	Nokia (rap) proposes email discussions: TSC scheduling, EHC, Running CR
- 	LG think we should discuss handling of deprioritized PDUs. Docomo think this was sufficiently discussed in the last email discussion. Chair think we could have a summary paper that summarizes the options, no need for email discussion.  

Summary paper on deprioritized PDUs (CATT)
Based on input to next meeting (helpful if delta can be indicated to catt)
Deadline Tuesday before next meeting



The above decision resulted in the following captured as part of the email discussions schedule to this meeting:
[107#80][NR IIOT] Summary on Deprioritized PDUs (CATT)
	Intended outcome: Objective summary of tdocs to 6.7.3.1 of R2-107bis
	Deadline Tuesday, 2019-10-08, 23:59 Pacific Time 

Accordingly, this contribution provides a summary of the various solutions discussed in the contributions posted in RAN#107bis meeting [3]-[19] regarding the handling of deprioritized MAC PDUs in the process of intra-UE prioritization.
Discussion
[bookmark: _Ref20580421]Issue
In the process of intra-UE prioritization, a MAC PDU can be generated for a PUSCH transmission that is later dropped by an UL transmission of higher priority. In RAN2#106 meeting, it was discussed what to do with this MAC PDU and agreements were achieved as follows [1]:
	For de-prioritized PUSCH on dynamic grant, the UE should store the de-prioritized MAC PDU in the HARQ buffer, to allow gNB to schedule re-transmission using the same HARQ process. 
For de-prioritized PUSCH on configured grants, a) the UE could store the de-prioritized MAC PDU in the HARQ buffer, to allow gNB to schedule re-transmission. b) FFS if the UE could transmit it using the subsequent radio resources e.g. associated with the same HARQ process
The above agreements are at least applicable for cases when MAC has already generated the de-prioritized MAC PDU 


From the above it is clear that the issue of de-prioritized MAC PDU handling is only when the MAC PDU was for a configured grant (bullets #2&3, see also further discussion for the DG case in Section 2.3). Indeed, when such overridden MAC PDU has already been assembled and delivered to PHY, the gNB will detect that it was not transmitted (since it receives the prioritized transmission instead), but it is not aware whether the CG:
1) was deprioritized early enough so that no MAC PDU was generated/delivered to PHY; or
2) was deprioritized after its MAC PDU was generated/delivered to PHY; or
3) was skipped because there was no matching data in the buffer.
Such de-prioritization may happen when the configured grant is de-prioritized by a dynamic grant, another configured grant or a scheduling request (SR). In RAN2#107 meeting, it was agreed that the handling of the MAC PDU from a de-prioritized configured grant should be the same irrespective of the prioritized transmission: another grant or an SR:
	RAN2 assumes that MAC PDU recovery method in grant prioritization could be reused for PUSCH vs SR conflict.


 Solutions
2.2.1	Based on network-requested retransmission [4][5][6][8][9][12][13][15][16][18] 
As captured in the above meeting agreements, the solution “a) the UE could store the de-prioritized MAC PDU in the HARQ buffer, to allow gNB to schedule re-transmission” is always possible and can be fully left to NW implementation. In absence of any indication, it is assumed that the gNB would schedule such retransmission every time a CG overlaps another UL transmissions and the gNB receives the other UL transmission.
The benefits of this solution are:
· Without considering below improvements, it does not require any specification effort
· Resource waste can be minimized if the gNB schedules the retransmission to happen at the subsequent CG-transmission opportunity [5]
The drawbacks of this solution are:
· Many retransmissions will be wasted in above case 3, Section 2.1 so the resource waste (also in DL control) can be huge [3][8][10][11][13][17] 
· The gNB doesn’t know whether to schedule a new transmission (case 1, Section 2.1) or a retransmission (case 2, Section 2.1) [4][14][15][16]
To circumvent the above drawbacks, several improvements are proposed:
Option 1: the UE could send an indication to the gNB that it has some de-prioritized PDU pending in its HARQ buffer. This approach was discussed online in RAN2#106 but was not agreeable for majority during online discussions [1]. Moreover, after last meeting agreement to have a common solution for handling de-prioritized PDU in PUSCH/PUSCH and SR/PUSCH scenarios, it is unclear how would such indication be sent in SR/PUSCH case. [5] proposes, if any optimization would be considered, that such indication would be provided as a MAC CE in the prioritized PDU. For SR/PUSCH, the MAC CE is sent in the very next MAC PDU. [9][13] think SR/BSR can also be used/modified for that.
Option 2: UE always generates a MAC PDU for the de-prioritized CG [4]; (Rapporteur’s note: which would revert RAN2#107 agreement).
Option 3: gNB always sends re-transmission requests, and in case 1 of Section 2.1 UE is allowed to generate a new MAC PDU to transmit as new transmission on the re-transmission resource addressed to CS-RNTI [4][12][15][16].
Option 4: Rely on smart gNB implementation (e.g. A.I. based) to solve the ambiguity [8].  
2.2.2	Based on UE autonomous re-/new transmission [3][6][7][8][9][10][11][12][13][16][17]
In this approach, in case a MAC PDU was generated and then dropped (case 2 of Section 2.1), the UE autonomously generates a new transmission or a retransmission of the pending MAC PDU in a subsequent resource. This prevents gNB to blindly request a retransmission every time such scenario occurs, just in case the MAC PDU would have been generated. 
The benefits of this solution are:
· It is fast and does not waste any resource, e.g. by using the next valid UL grant [3][8][10][12][13] 
· Same behavior as in NR-U, where a PDU dropped due to LBT failure that was intended for transmission on a configured grant can be transmitted on the next configured grant occasion [7][11]
The drawbacks of this solution are:
· Higher specification effort [5][6]
· It results in unpredictable UE behavior and high burden on gNB scheduling [5] 
· It increases latency for subsequent packet due to head of line (HoL) blocking [5][6]
· The HoL blocking issue is addressed by [8][10] by making the autonomous re-transmissions on an available resource only allowed on certain conditions e.g. comparing with priority of other bidding for this resource; [10] also proposes using a timer to discard the de-prioritized PDU if it is stuck for too long.  
· MAC PDU may be outdated when UE preforms autonomous retransmission [6]
There are also different options on whether the UE generates a new transmission or a re-transmission:
Option 1: UE always generates a new transmission, using the same or a different HARQ process [3][8][10][12][13] 
· Using the next valid/available CG [12][13], possibly based on some criteria (e.g. not prohibited by configuredGrantTimer [3], or based on other restriction criteria, see above HoL issue [8][10]) 
· Using the next available grant (including DG) with same TBS [8][10]
This is the fastest solution since the transmission is not required to wait for a grant with same HARQ ID to come, but it may increase complexity and have a huge impact on specification to support change of HARQ process [17].
Option 2: UE always generates a re-transmission (on the same HARQ process) [6][9][11][17]
It could reuse the legacy “retransmission” for repetition procedure [11].
Option 3: Either new transmission or retransmission depending on the status of the preempted transmission [7]:
If the preempted transmission has started (configuredGrantTimer was started for that HARQ process): retransmission; Otherwise: new transmission. New transmission can take place on any HARQ process. Retransmission can only take place on the same HARQ process.
[bookmark: _Ref21443522]Other issues
[16] also raises the issue of applying RAN2#107 agreements to a de-prioritized CG within a repetition bundle and if, in that case, the de-prioritized MAC PDU should always be generated to allow sending leftover repetitions. 
The current summary focuses on the CG de-prioritization, which is also the focus of most contributions. However, [16] raises the issue that the UE behavior is also unclear in case it did not generate a MAC PDU for a de-prioritized DG, and then receives an UL grant to C-RNTI for a re-transmission on this HARQ process. [4][15] also analyze this issue but conclude the Rel-15 MAC specification can address it properly. Alternately, in A.I. 6.7.3.2, [19] proposes defining a prioritization timeline removing the gNB ambiguity regarding the generation (or not) of the MAC PDU of a de-prioritized DG, thus preventing it to send a re-transmission grant when no MAC PDU was generated.
Conclusion
This contribution described the various solutions proposed at this meeting for handling the deprioritized MAC PDUs in the process of intra-UE prioritization. The below table summarizes companies’ views on the different solutions. 
	Company
	Solutions

	
	UE autonomous (re)transmission in a subsequent resource [10 companies]
	Based on NW-requested retransmission [10 companies]

	
	New transmission on same or different HARQ ID
	Re-transmission (on same HARQ ID)
	w/t indication sent to gNB
	w/o indication

	CATT
	Yes, in the next valid (not prohibited by configuredGrantTimer) CG occasion of the same CG configuration as used by the de-prioritized CG
	
	
	

	Nokia, Nokia Shanghai Bell
	Yes, in a subsequent resource with same TBS. Different HARQ ID allowed only under certain conditions (e.g. LCH priority, latency)
	
	
	

	InterDigital
	Yes, Same behavior as in NR-U, where a PDU dropped due to LBT failure that was intended for transmission on a configured grant can be transmitted on the next configured grant occasion. New transmission or retransmission depends on whether the preempted transmission has started or not (CG timer was started or not for that HARQ process). New transmission can take place on any HARQ process. Retransmission can only take place on the same HARQ process.
	
	

	Huawei, HiSilicon
	
	Yes, reusing the legacy “retransmission” for repetition procedure.
	
	

	LG Electronics Inc.
	
	Yes, in the earliest CG resource(with the same TBS) of the multiple active CG configurations
	

	Samsung
	
	
	
	Yes, UE is allowed to obtain a new MAC PDU to transmit on a re-transmission resource addressed to CS-RNTI.

	Ericsson
	
	Yes, via MAC CE in the prioritized PDU. For SR/PUSCH, the MAC CE is sent in the very next MAC PDU.
	

	OPPO
	
	Yes
	
	Yes, UE could generate a new PDU for a new transmission using the re-transmission grant provided by the gNB

	Qualcomm Incorporated
	
	
	
	Yes, UE could generate a new PDU for a new transmission using the re-transmission grant provided by the gNB

	NTT DOCOMO, INC.
	
	
	
	Yes, UE could generate a new PDU for a new transmission using the re-transmission grant provided by the gNB

	vivo
	
	
	Yes, no optimization needed

	CMCC
	Yes, in the next valid CG or DG. "Validity" is under certain conditions e.g. no other data emerges for this grant.
	
	Yes, suggests that in some cases, some smart gNB implementations (e.g. A.I. based) can solve the new/re-transmission ambiguity.

	III
	
	Yes, if UE does not receive a re-transmission request from gNB
	Yes, via SR/BSR if the de-prioritized MAC PDU needs to be transmitted earlier than the next CG resource
	

	Sony
	Yes, in the next available resource
	
	
	Yes, UE could generate a new PDU for a new transmission using the re-transmission grant provided by the gNB

	Sequans Communications
	Yes, in the next available resource
	
	Yes, via BSR modification
	Yes, UE could retransmit or generate a new PDU for a new transmission using a dynamic grant provided by the gNB (details TBD). In case a new PDU is generated, LCH mapping restrictions of the CG shall apply.
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