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1. Introduction

The intention of the email discussion is to identify the MAC impacts of RUDI (Reduction in User Data Interruption) HO and provide MAC TP as follows: 

	[107#78][LTE] MAC aspects for LTE mobility (vivo)


Discuss which are the MAC impacts of RUDI HO and provide MAC TP.


Intended outcome: Report to next meeting (including MAC TP)


Deadline:  Thursday 2019-10-03 


According to the RAN2 discussion on the DAPS solutions, the agreements which may potentially impact the MAC specification are highlighted and quoted in the Annex.
2. Discussion

2.1. Issue 1: Uplink grant for PUSCH data switching 

According to the RAN2 agreements given above, “UE switches UL data transmission (new and unacknowledged PDCP SDUs) to target gNB upon reception of the first UL grant for data transmission from the target gNB after RA procedure towards the target gNB is successfully completed”. From MAC point of view, after the RACH completion, the MAC entity is able to use any uplink grant including the dynamic uplink grant and the configured uplink grant. Then it is not clear which uplink grant type (i.e. configured grant or dynamic grant) is used for the PUSCH data switching.

Question 1: After the RACH procedure towards the target gNB is successfully completed, which uplink grant type is considered the first uplink grant for the UL data transmission switching?

· Option 1: Dynamic grant (e.g. addressed by C-RNTI)

· Option 2: Configured grant

· Option 3: Any uplink grant (i.e. from MAC point of view)

	Company
	Option 
	Comments (If any)

	vivo
	Option 3
	It seems simpler from the MAC specification that we do not differentiate between dynamic grant and configured grant.

	Ericsson
	Options 3
	

	Mediatek
	Option 3
	

	ZTE
	Option 3
	

	QC
	Option 3
	

	Charter Communications
	Option 3
	

	OPPO
	Option 3
	

	CATT
	Option 3
	

	Huawei
	Option 3
	

	Intel
	Option 3
	

	ITRI
	Option 3
	

	Samsung 
	Option 3
	

	Apple
	Option 3
	

	ETRI
	Option 3
	

	LG
	Option 3
	

	Sharp
	Option 3
	

	NEC
	Option 3
	

	Xiaomi
	Option 3
	

	Nokia
	Option 3
	Any UL grant for the target cell the UE may have and is able to use (e.g. after acquiring target cell’s timing).


Summary: 18 companies provided views. 
All companies agree that Option 3 should be adopted, i.e., both dynamic grant and configured grant can be used as the first UL grant for UL data after UL data transmission switching.
Proposal 1: Any uplink grant type (e.g. dynamic grant or configured grant) can be considered as the first uplink grant for the UL data transmission switching. 
While capturing the following agreements made by RAN2, we find that there are some issues related to this agreement:

	UE shall be able to send UL PUSCH user plane data to source eNB until the point when the message including RRC Connection Reconfiguration Complete has been successfully transmitted to target eNB.


According to the current MAC specification, the MAC is unaware of the content of the MAC SDU. Then, whether the RRCConnectionReconfigurationComplete message is successfully transmitted or not is transparent to the MAC entity. The uplink grant could also be too small (e.g. 56bit) to contain the RRCConnectionReconfigurationComplete message, as the MAC SDU for the RRCConnectionReconfigurationComplete message could be more than 80bit including the MAC-I (i.e. 32bit) in the PDCP PDU, the PDCP header (16bit), the RLC AM header (16bit), and MAC subheader (16bit). Then the RLC AM entity would segment the RRCConnectionReconfigurationComplete message. Thus, the successful transmission of the RRCConnectionReconfigurationComplete message can only be confirmed by the RLC STATUS PDU from the eNB. In order to simplify the UE implementation and the specification, we think the UL data switching only considers the first uplink grant of the successful RACH and does not consider the successful transmission of the RRCConnectionReconfigurationComplete message. Given that the current handover completion also do not consider the successful transmission of the RRCConnectionReconfigurationComplete message, and the content of the RLC SDU is also transparent to the RLC entity.

Question 2: Can company agree that the uplink data switching does not consider the successful transmission of the RRCConnectionReconfigurationComplete message?

· Option 1: Yes, the uplink data switching does not consider the successful transmission of RRCConnectionReconfigurationComplete message.

· Option 2: No, we should consider.

	Company
	Option
	Comments (If any)

	vivo
	Option 1
	The content of the MAC SDU is transparent to the MAC entity. Only the RLC STATUS PDU can confirm the successful transmission of the RRCConnectionReconfigurationComplete message. However the content of the RLC SDU is also transparent to the RLC entity. Given that the current handover completion also do not consider the successful transmission of the RRCConnectionReconfigurationComplete message.

	Ericsson
	Option 1
	The UL switch could instead be done when receiving the first UL grant after successfully completing the random access procedure (i.e. after MSG1 in case of CFRA and MSG4 in case of CBRA). This is what we proposed in the last meeting but other companies preferred to base the switch on the on the transmission of the handover complete message.

	Mediatek
	Option 1
	In order to avoid cross-layer interaction, the MAC layer doesn’t need to consider the successful transmission of RRCConnectionReconfigurationComplete message. MAC layer knows when RA procedure is successful completed and the first UL grant after that can be used to trigger UL new data switching. 

	ZTE
	Option 1
	Agree with the rapporteur that the successful transmission of the RRCConnectionReconfigurationComplete message is transparent to Layer2. The Layer2 (e.g. PDCP) performs UL data switching upon receiving the first UL grant from the target after successful random access to the target.

	QC
	Option 1 is OK. But actual UL switching point is dependent on whether it is CBRA or CFRA.
	From MAC perspective, UL switching point has to be based on whether it is CBRA or CFRA.
CFRA: In this case, UE MAC transmits pre-allocated preamble in Msg1 and target eNB responds with RAR (Msg2) including RAPID. When UE matches received preamble ID, CFRA is successful from MAC perspective. UE target stack MAC can transmit RRC Connection Reconfig Msg, UL BSR and optionally UL Data if grant is big enough. In this CFRA, we think it is OK to switch UL new data transmission from source to target eNB. Option 1 works here.
CBRA: In this case, RACH is considered as successful only after Contention Resolution procedure is successful. If contention resolution procedure fails, UE will have to repeat RACH procedure from Msg 1 again.  In CBRA, UE MAC sends random preamble in Msg1 and receives Msg 2 RAR (including RAPID, UL grant,TA etc). UE MAC has to send Msg 3 (which carries L3 RRC Connection Reconfig Complete Msg, C-RNTI for contention resolution, UL BSR etc) and UE starts MAC contention resolution timer. Upon UE receiving PDCCH scheduling (either for DL or UL grant) with scrambled C-RNTI and if it matches with UE transmitted C-RNTI in Msg 3 then contention resolution is successful. If contention resolution timer expires then RACH attempt fails and UE MAC starts again from Msg1. If UE is allowed to switch UL new data transmission based on RAR grant, it causes long interruption if contention fails. In this case, from MAC perspective, we think UE UL new data transmission switch can be allowed only after successful contention resolution procedure.

	Charter Communications
	Option 1
	As mentioned by above companies, it should be okay to perform UL data  switch upon reception of first UL grant after successful RA completion. This means the switch occurs at different points depending on the type of RA: 

a. After Msg 2 for CFRA
b. After Msg 4 for CBRA

	OPPO
	Option 1
	It would be sufficient to capture that UE switches UL data transmission to the target cell upon reception of the first UL grant after RA procedure towards the target gNB is successfully completed. No need to make MAC aware of the successful transmission of the  RRCConnectionReconfigurationComplete message.

	CATT
	Option 1
	The UL switch should be done upon receiving the first UL grant after successful random access to the target, i.e, based on MSG2 in case of CFRA or MSG4 in case of CBRA.

	Huawei
	Option 1
	It is reasonable for UE to perform UL PUSCH switch upon reception of first UL grant after successful RA completion. The criteria for successful RA is as usual, i.e. UE receives RAR containing corresponding Preamble ID in case CFRA, and UE receives the right contention resolution MAC CE in case of CBRA.

	Intel
	Option 1
	We think successful RACH is good enough for UL switching since RRCConnectionReconfigurationComplete message is transparent to MAC. 

	ITRI
	Option 1
	From the viewpoint of MAC entity, the successful transmission of the RRCConnectionReconfigurationComplete message is transparent. It is sufficient to capture that UE switches UL data transmission to the target cell upon reception of the first UL grant after successful random access to the target, i.e. after MSG2 for CFRA and MSG4 for CBRA.

	Samsung
	Option 1, and actual switching point can be based on the completion of  Random Access procedure at the target.
	As said by all the companies above, MAC is not aware of contents of higher layer SDUs. As for the current handover completion (i.e. to stop timer T304), actual switching point can be based on the completion of the Random Access procedure.

	Apple
	Option 1
	Option 2 is not feasible since the successful transmission of RRCConnectionReconfigurationComplete message is transparent to L2.  L2 can perform the UL data switching upon receiving the first UL grant after RACH procedure in target cell is successfully completed. 



	ETRI
	Option 1
	Agree with Charter and CATT.

	LG
	Option 1
	The MAC does not know whether the RRCConnectionReconfigurationComplete is successfully transmitted or not. Thus, the UE switches UL transmission path when the first UL grant is received after the RA procedure is successfully completed. 

	Sharp
	Option 1
	

	NEC
	Option 1
	For CFRA, the Random procedure is successfully complete if RAR is received. The UL data switch point should be after receiving of RAR.

For CBRA, the Random procedure is successfully if the received PDCCH transmission is addressed to the C-RNTI and contains a UL grant for a new transmission, and this can be the used as the switch point for UL data.

In conclusion, instead of considering the successful transmission of the successful transmission of RRCConnectionReconfigurationComplete message, MAC layer should consider the successful completion of Random Access Procedure as the switch point for UL data.

	Xiaomi
	Option 1
	We could discuss how to switch new UL for CFRA and CBRA.

	Nokia
	Option 1
	We agree it is easier from the cross-layer perspective not to consider the successful HO complete transmission but switch when RA procedure is successfully completed, and the UE has the first UL grant.


Summary: 18 companies provided views. 
All companies agree that the successful transmission of RRCConnectionReconfigurationComplete is not considered for uplink data transmission switching because RRCConnectionReconfigurationComplete content is transparent to RLC and MAC. Beside, all companies confirm that the UL data transmission should be started after the successful RACH procedure.
Proposal 2: The successful transmission of RRCConnectionReconfigurationComplete is not considered for uplink data transmission switching.

Proposal 3: The UL data transmission is switched upon first UL grant after successful RACH procedure, i.e. successfully reception of Msg.2 for CFRA or successful reception of Msg.4 for CBRA.

According to the current MAC specification as quoted below, when the RACH-less handover is configured, the handover is complete when the UE receives the UE Contention Resolution Identity MAC CE. RAN2 should firstly decide whether the RACH-less solution can be configured together with the RUDI handover, then we can decide whether the uplink grant after the RACH-less handover can be used for the PUSCH data switching. This issue may also be related to the signaling details of the RUDI handover.
	36.321:

5.3.1
DL Assignment reception

…

-
if the MAC entity is configured with rach-Skip or rach-SkipSCG and a UE Contention Resolution Identity MAC control element for this TTI has been received on the PDSCH indicated by the PDCCH of the SpCell addressed to the C-RNTI:
-
indicate to upper layer the successful reception of a PDCCH transmission addressed to the C-RNTI.

	36.331:

5.3.5.4
Reception of an RRCConnectionReconfiguration including the mobilityControlInfo by the UE (handover)

…

1>
submit the RRCConnectionReconfigurationComplete message to lower layers for transmission;

1>
if MAC successfully completes the random access procedure; or

1>
if MAC indicates the successful reception of a PDCCH transmission addressed to C-RNTI and if rach-Skip is configured:
2>
stop timer T304;

2>
release rach-Skip;


Question 3: Can the RACH-less handover be configured together with the RUDI handover?

	Company
	Answer
	Comments (If any)

	vivo
	Yes
	It seems that the RACH-less handover can be configured together with the RUDI handover. The specification impact is quite limited.

	Ericsson
	Yes
	This can be supported provided the specification impact is small.

	Mediatek
	No
	Although combination of RACH-less and RUDI handover may have limited spec impacts, we don’t find strong need to configure both of them together. 

	ZTE
	Yes
	No need to limit the network configuration.

	QC
	NO need
	R14 RACH-less HO goal is to reduce HO interruption. But it is limited to cases of same TA between source and target eNBs, Sync or zero TA. It does not work with Async case, when TAs are different. Its use case is very limited now. Due to limitation of R14 HO enhancements (which includes RACH-less HO), R16 DAPS HO enhancements are designed. For RACH-less HO failure, we may have to specify fallback procedures as well. For now in R16, we don’t see much benefit of combining R14 RACH-less HO and R16 DAPS HO. Rather it is more useful to allow CHO and DAPS HO to get benefit for each other in some limited cases like single cell CHO.

	Charter Communications
	No
	The answer to the question as presently phrased is “Yes, RACH-less HO can be configured together w/ RUDI HO”. However, we understand the question to mean “Should RACH-less HO be configured together with RUDI HO?” If case be, then we don’t think such a combination is useful for majority of realistic scenarios where TA!=0 and Src TA != Tgt TA. 

	OPPO
	No
	We share the same opinion as Mediatek, Qualcomm and Charter. As RUDI has reduced interruption time during HO by maintaining dual active protocol stack, we see less motivation to combine with RACH-less, which has rather limited use cases.

	CATT
	No
	Agree with QC comments. 

	Huawei
	No
	If UE can support DAPS handover, enabling RACH-less handover is meaningless, as they are both targeting to interruption reduction during handover and DAPS is already a nearly 0ms solution.

	Intel
	No
	We don’t think it is needed to configure RUDI along with RACH-less HO. RACH-less handover is only to reduce HO interruption time in limited scenario. It cannot provide additional benefit on top of DAPS. 

	ITRI
	No need
	It is feasible to configure RACH-less HO together with the RUDI HO. However, we don’t see strong reason and pressing need to do so as RUDI has been addressed by DAPS. We also shared the same view with QC that it may be beneficial to combine CHO and DAPS HO.

	Samsung
	Yes
	No need to limit the network configuration. Also to use zero TA (considering small coverage) or same TA as source (considering similar coverages) can be applied in many scenarios.

	Apple
	Yes
	RACH-less handover can be configured together with RUDI handover due to limited spec impact.

	ETRI
	No need
	Agree with Qualcomm and ITRI. Also we share the same view as Qualcomm and ITRI that it is more useful to combine CHO and DAPS HO.

	LG
	No
	We don’t have a strong motivation to support this scenario.

	Sharp
	No
	Agree with MediaTek. We don’t see strong need to configure both of them together.

	NEC
	Yes
	RACH-less and DAPS can be considered as independent mechanisms, there is no harm to support the combination of RACH-less and DAPS, and the specification effort is minor. 

	Xiaomi
	Yes
	It’s feasible. We don't’ see much effort required to support RACH-less and RUDI.

	Nokia
	Yes
	We see no strong need to restrict such simultaneous configuration as of now. However, perhaps we shall wait until all the details of RUDI are known before taking final decision. A UE capability might be needed for such simultaneous operation to ensure testability.


Summary: 18 companies provided views. 
7 companies think that RACH-less handover can be configured together with the RUDI handover, and no need to limit the network configuration.  
11 companies think that there is no strong enough motivation to simultaneously configure both since RUDI handover already reduces the HO interruption.
Furthermore, it is agreed that “we will not work on RACHless HO any further in Rel16 (Can be revisited if CFRA is not agreed to be part of 2 Step RACH in Rel-16)” in RAN2#107. In RAN#85, contention free 2-step RACH is added in 2-step RACH WID. RAN plenary guidance is that the work on contention-free 2-step RACH procedure is of lower priority and should be pursued in RAN2 only if there is time. Thus, rapporteur suggests that we can have a short revisit on this issue based on this conclusion. 
Proposal 4: RAN2 to have a short discussion on whether RACH-less handover can be configured together with the RUDI handover.  
2.2. Issue 2: UL HARQ (re)transmission of the source link

According to the RAN2 agreements given above, it is still FFS whether the UE continues the UL HARQ retransmission for the source link after the UE switches the PUSCH data transmission from the source link to the target link. From our understanding, the same question could also be raised for the RLC AM entity of the source link. If companies consider that the UE should stop the UL HARQ retransmission, then it seems that the UE should stop the RLC retransmission as well. Then we think that companies should firstly understand whether there is any issue if the UE keeps the data transmission in HARQ (or potentially RLC AM) buffer after switching the UL data transmission. From our understanding, if the UE keeps the UL HARQ (re)transmission, the specification impacts due to the suspension/stop of the UL HARQ (re)transmission will be removed, and the uplink grant indicating HARQ (re)transmission of the source link will not be wasted. Based on the network implementation, the target eNB can decide whether to trigger retransmission of the PDCP SDUs based on the packets received via the source link.

Question 4: Does the UE keep the UL HARQ (re)transmission after switching UL data transmission to the target eNB?

	Company
	Answer
	Comments (If any)

	vivo
	Yes
	The MAC specification/implementation would be simpler if we allow HARQ retransmission in the source link after the uplink switching.

	Ericsson
	Yes
	Given that some amount of simultaneous UL transmissions will anyway be required (e.g. PUCCH and L2 feedback on PUSCH) it doesn’t matter much if allow some more. 

In addition to simpler specification mentioned by Vivo, stopping the HARQ (re-)transmission can also have some negative side effects. For example, the MAC PDUs can also contain e.g. MAC CEs and RLC status reports so if we stop the (re-)transmission we also lose this information.



	Mediatek
	Yes
	Agree with Ericsson. The main reason to continue the UL HARQ retransmission is to guarantee that the potential RLC status reports which are contained in those TBs in retransmission can be delivered to the source node.  

	ZTE
	Yes
	Given that we have agreed to allow RLC feedback after the UL switch, there’s no need to prevent the UL HARQ (re)transmission.

	QC
	Yes
	Agree with above companies comments

	Charter Communications
	Yes
	Whilst we see limited benefit to allowing UL HARQ (re)transmissions on the source link, given the agreement made at RAN2#107 we are okay to allow UL HARQ (re)transmission(s) to continue on the source link after the switch to target has been made.

	OPPO
	Yes
	Agree with above companies comments

	CATT
	Yes
	We agree with most of the comments above. 

	Huawei
	Yes
	It is not necessary to stop uplink HARQ retransmission, as simultaneous uplink transmission will anyway be performed.

	Intel
	Yes 
	Agree with above companies comments.

	ITRI
	Yes
	We agree with most of the comments above. 

	Samsung
	Yes
	UE can perform retransmission until it releases source (which can be implicit or explicit, and can be discussed later).

	Apple
	Yes
	Agree with other companies’ comments.

	ETRI
	Yes
	

	LG
	Yes
	Considering that the RLC status report can be transmitted to the source network even after successfully connecting to the target network, there is no reason to prevent the HARQ new transmission and retransmission. 

	Sharp
	Yes
	Agree with other companies’ comments.

	NEC
	Yes
	Agree with companies comments.

	Xiaomi
	Yes
	This has been agreed in last meeting.

	Nokia
	No
	On one hand, there may be some benefits as listed by Ericsson and MTK. On the other, the continued UL reTx can impose additional complexities, e.g. additional SN status transfers, coordination between the source and target to perform reordering, etc.  We would prefer no UL data (including HARQ retransmissions) after switching point. Having a clean UL switch would be the simplest.


Summary: 18 companies provided views. 
17 companies agree that the HARQ (re)transmission of the source link should be kept after UL data transmission switching to the target gNB.
1 company prefer no UL data (including HARQ retransmission) after switching point due to the additional complexities.

Based on the inputs from companies, rapporteur suggests to go for the clear majority.
Proposal 5: The UE keeps the UL HARQ (re)transmission of the source link after UL data transmission switching to the target eNB.

Question 5: If the answer to Question 4 is “Yes”, does company see any issue if the UE keeps the UL HARQ (re)transmission after switching UL data transmission to the target gNB?

	Company
	Answer
	Comments (If any)

	Ericsson
	No
	The amount of simultaneous UL transmissions will increase slightly but since we anyway need to handle simultaneous UL transmissions it doesn’t seem to matter that much. 

	ZTE
	No
	Same comment as Ericsson

	QC
	No
	Same view as Ericsson. 

	Charter Communications
	No
	

	CATT
	No
	Agree with Ericsson.

	Huawei
	No
	

	Intel 
	No
	

	ITRI
	No
	

	Samsung
	No
	

	Apple
	No
	

	ETRI
	No
	

	LG
	No
	

	Sharp
	No
	

	Xiaomi
	No
	

	Nokia
	Yes
	Some issues already mentioned in the answer to Q4. Can the UE maintain two simultaneous PUSCHs for data transmission and other UL source cell transmissions? It has been agreed we have a clear point in time when the switching happens, now it seems almost everything is still allowed via source cell’s PUSCH.


Summary: 15 companies provided views. 
14 companies think that there are no issues for UE to support HARQ (re)transmission in source link after UL data switch to the target gNB since we anyway need to handle simultaneous UL transmissions.
1 company thinks the UE should maintain two simultaneous PUSCHs for data transmission and other UL source cell transmissions. And it is not clear for the switching time point since everything is still allowed via source cell’ PUSCH. 
Based on the inputs from companies, rapporteur suggests companies who think there is some issues can raise comment during online discussion in the above Proposal 5.  
If the UE stops the UL HARQ retransmission after switching the UL data transmission, the UE could still be able to receive some uplink grant indicating the HARQ retransmission, as the source eNB may not be able to know the exact timing when the UE switches the UL data transmission.

Question 6: If the answer to question 4 is “No”, what would be the expected UE behaviour(s) (e.g. dropping the uplink grant) when the UE receives an uplink grant indicating the HARQ retransmission for the source link?

	Company
	Answer
	Comments (If any)

	Nokia
	
	The UE can ignore the UL grant. Source would stop scheduling when it receives the ‘HO success’ indication from the target cell.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Summary: 1 companies provided views. 
1 company thinks if the UE does not keep the UL HARQ (re)transmission after switching UL data transmission to the target eNB, the UE can ignore the UL grant. Source would stop scheduling when it receives the ‘HO success’ indication from the target cell.
Based on the inputs from companies, rapporteur suggests companies who think there is some issues can raise comment during online discussion in the above Proposal 5. 

It seems that after switching the UL data transmission, the UE could still have the HARQ new transmission (e.g. for the PHR transmission or some new MAC SDU(s) due to the RLC AM retransmission). Given that the source eNB may not be able to know the exact timing of the UL data switching, the source eNB may send an RLC STATUS PDU to trigger the RLC AM retransmission. It is not clear how the UE handles such uplink grant and the corresponding HARQ process.

Question 7: What would be the expected UE behaviour(s) when the UE receives an uplink grant indicating the HARQ new transmission (e.g. for MAC CE (BSR, PHR, or Recommended Bit Rate) and/or for the new MAC SDU(s) of the RLC AM retransmission and/or the RLC STATUS PDU) for the source link?

· Option 1: keep the HARQ new transmission for the source link after the UL data switching, 

· Option 2: Others

	Company
	Option
	Comments (If any)

	vivo
	Option 1
	The UE should keep the HARQ new transmission after the uplink switching. We should minimize the MAC impacts (e.g. MAC CE reporting and LCP) due to the UL data switching. The transmission of all the MAC CE and the new MAC SDU should continue.

	Ericsson
	Option 1
	Same view as Vivo.

	Mediatek
	Option 1 (Maybe)
	If UL grant for new transmission is provided, UE continues the normal LCP behaviour and do multiplexing. It is FFS on whether RLC AM retransmission continues or not. 

	ZTE
	Option 1
	Same view as Vivo

	QC
	Option 1
	Same view as Vivo (anyway UL Re-transmissions are not expected to be for long duration). 

	Charter Communications
	Option 1
	

	OPPO
	Option 1
	

	CATT
	Option 1
	

	Huawei
	Option 1
	It is at least beneficial to allow UE to continue providing RLC status report.

	Intel
	Option 1
	Same view as MTK, it is FFS on whether RLC AM retransmission continues or not. 

	ITRI
	Option 1
	

	Samsung
	Option 1
	Same view as others

	Apple
	Option 1
	We can agree for the potential retransmitted RLC PDU and some MAC CE, and we think new PDCP PDU and corresponding BSR information should not be transmitted to source eNB.

	ETRI
	Option 1
	

	LG
	Option 1
	See the Q4 answer.

	Sharp
	Option 1
	

	NEC
	Option 1
	

	Xiaomi
	Option 1
	This has been agreed in last meeting.

	Nokia
	
	Is the question asking whether we allow new UL data transmissions towards the source cell, AFTER the “PUSCH switching” (whatever this actually means, especially now, in light of this question?). We do not understand the intention of that question and how does it relate to our previous agreement (on PUSCH switching, etc.).


Summary: 18 companies provided views. 
All companies agree that when there is an uplink grant for HARQ new transmissions (e.g. for MAC CE (BSR, PHR, or Recommended Bit Rate) and/or for the new MAC SDU(s) of the RLC AM retransmission and/or the RLC STATUS PDU) for the source link after UL data transmission switching, the UE is expected to use this grant for HARQ new transmission in the source link. By doing this, some important information, such as BSR and RLC status PDUs, can still be transmitted to the source. 2 companies of them mentioned that it is FFS on whether RLC AM retransmission continues or not.
Proposal 6: When an uplink grant indicating the HARQ new transmission (e.g. for MAC CE (BSR, PHR, or Recommended Bit Rate) and/or for the new MAC SDU(s) of the RLC AM retransmission and/or the RLC STATUS PDU) is received in the source link after UL data switching, the UE is expected to perform the corresponding UL transmission accordingly. It is FFS on whether RLC AM retransmission continues or not.
2.3. Issue 3: Modelling of the MAC entity 

The number of MAC entities which the UE needs depends on how the RUDI solution is configured. Here we list the following 4 scenarios for the RUDI solution:

· Scenario 1: During the handover, the UE keeps two links (i.e. the source MCG link and the target MCG link).

· Scenario 2: During the handover of keeping the source SCG, the UE keeps three links (i.e. the source MCG link, the target MCG link and the source SCG link).

· Scenario 3: During the SCG change, the UE keeps three links (i.e. the MCG link, the source SCG link and the target SCG link).

· Scenario 4: During the handover of adding the target SCG, the UE keeps three links (i.e. the source MCG link, the target MCG link and the target SCG link).

· Scenario 5: During the handover of changing the SCG, the UE keeps four links (i.e. the source MCG link, the target MCG link and the SCG link).

Scenario 1 needs two MAC entities. Scenario 2/3/4 needs three MAC entities. Scenario 5 needs four MAC entities.

Question 8: Which of the following scenario(s) can be supported for the RUDI solution?

· Scenario 1: During the handover, the UE keeps only two links (i.e. the source MCG link and the target MCG link).

· Scenario 2: During the handover of keeping the source SCG, the UE keeps three links (i.e. the source MCG link, the target MCG link and the source SCG link).

· Scenario 3: During the handover of adding the target SCG, the UE keeps three links (i.e. the source MCG link, the target MCG link and the target SCG link).

· Scenario 4: During the SCG change, the UE keeps three links (i.e. the MCG link, the source SCG link and the target SCG link).

· Scenario 5: During the handover of changing the SCG, the UE keeps four links (i.e. the source MCG link, the target MCG link and the SCG link).

	Company
	Answer
	Comments (If any)

	vivo
	Scenario 1
	To save our discussion time in RAN2 and to minimize the RAN3 specification impacts, we think that RAN2 should consider only Scenario 1 in Rel-16.

	Ericsson
	Scenario 1
	We should concentrate on Scenario 1.

	Mediatek
	Scenario 1
	We don’t think other scenarios are in the scope of the WI. 

	ZTE
	Scenario 1
	Scenarios that require more than two links need not be discussed in R16.

	QC
	Scenario 1
	Agree with above comments

	Charter Communications
	Scenario 1
	

	OPPO
	Scenario 1
	Agree with above comments and only consider Scenario 1 in Rel-16.

	CATT
	Scenario 1
	

	Huawei
	Scenario 1
	Focus on pure handover scenario first, even how to handle SCells should be discussed with low priority, not to mention SCG related scenarios

	Intel
	Scenario 1
	WE think this is a baseline scenario. Other scenarios are more complex and do not need to be considered in Rel-16.

	ITRI
	Scenario 1
	Agree to consider only Scenario 1 for concentration.

	Samsung
	Scenario 1
	

	Apple
	Scenario 1
	UE supports at most 2 MAC entities for handover enhancement.

	ETRI
	Scenario 1
	

	LG
	Scenario 1
	The scenario 1 should be discussed first. 

	Sharp
	Scenario 1
	

	NEC
	Scenario 1
	Only Scenario 1 should be considered in Rel-16.

	Xiaomi
	Scenario 1
	We should focus scenario 1. Other scenarios could be discussed after scenario 1 is done.

	Nokia
	Scenario 1
	Agree with the aforementioned motivation. Scenario 1 shall be addressed first. Scenario 2 possibly if the time allows.


Summary: 18 companies provided views. 
All companies agree that we should focus on the baseline scenario (i.e. Scenario 1) in Rel-16 considering the time budget and complexity. For Scenario 1, a UE support up to 2 MAC entities for RUDI handover. Other scenarios could be further considered in future if additional benefits are observed or after scenario 1 is done.
Proposal 7: During RAUI handover, the UE only supports two links (i.e. the source MCG link and the target MCG link).

According to the current RRC/MAC specification, the MCG MAC entity is always present. As the RUDI handover needs at least two MAC entities, it is not clear whether the target (MCG) MAC entity is always present or created after the configuration of the RUDI handover. According to the DC configuration, the UE creates the SCG MAC entity at SCG establishment. The SCG MAC resets at the SCG change/release or handover. No SCG MAC release procedure is defined.

Question 9: How is the target MAC entity maintained?

· Option 1: Both the source MAC entity and the target MAC entity are always present. 

· Option 2: The target MAC entity is created at the configuration of the RUDI handover.

	Company
	Answer
	Comments (If any)

	vivo
	Option 1
	From understanding, both Options can work. If the target MAC entity is still considered as a MCG MAC entity, we could follow the legacy procedure by making the UE supporting RUDI handover always having two MAC entities (i.e. Option 1). Here we consider that after the source link is release, we should follow the legacy configuration that the MAC entity used for the target link is considered as the MCG MAC entity. Then for all the scenarios given above, we could follow the legacy procedure (i.e. only creates the SCG MAC entity).

	Ericsson
	?
	No strong view. If both options work we should go with the one that has the least specification impact.

	Mediatek
	Option 2
	I think from UE implementation point of view, UE doesn’t know when RUDI HO occurs. There is only one MAC entity existing for normal operation. When RUDI HO occurs, a new MAC entity is created. Otherwise, UE should always have two MAC entities initially no matter whether the other will be used or not.  

	ZTE
	Option 2?
	No strong view, but since the two entities are only needed when RUDI handover occurs, it seems ok to model this in a way that the target MAC entity is created at the configuration of the RUDI handover. 

	QC
	Option 2
	Agree with MediaTek.We think UE needs to configure target eNB stack only after receiving HO command. This means, Target MAC entity is created when DAPS HO command is received.  Always having 2 stacks or dual MAC entities is not efficient for implementation and UE resource management as well. Once DAPS HO is successfully completed and after release of source eNB, UE will release source stack & its configuration.

	Charter Communications
	Option 2
	We agree w/ Qualcomm.  

	OPPO
	Option 2
	Agree with above comments that target MAC entity is only created when DAPS HO is performed. We actually don’t know how option 1 can be implemented.

	CATT
	Option 2
	We agree with comments from Mediatek.

	Huawei
	Option 2
	Agree with MediaTek and QC.

	Intel
	Option 2
	Agree with Qualcomm.

	ITRI
	Option 2
	We agree with Mediatek and QC. Always having two MAC entities, no matter whether both of them are needed or not, is not efficient. UE needs the target MAC entity only after handover is configured. 

	Samsung
	Option 2
	

	Apple
	Option 2
	Two MAC entities are only useful during the RUDI handover. It’s unreasonable for UE to always maintain two even though there is no RUDI handover happening.

	ETRI
	Option 2
	Agree with Qualcomm.

	LG
	Option 2
	Considering that the UE receives the target network configuration including MAC configuration, the UE does not need to maintain two MAC entity before receiving the target network configuration. 

	Sharp
	Option 2
	Agree with Qualcomm

	NEC
	Option 2
	Agree with companies above that this can be aligned with the behaviour of DC that additional MAC entity is only created when DAPS HO is performed.

	Xiaomi
	Option 2
	Don’t understand how option 1works.

	Nokia
	Option 2
	It sounds logical to create it when RUDI HO is configured…


Summary: 18 companies provided views. 
16 companies prefer that the target HARQ entity is created at the configuration of the RAUI handover. 
1 company has no preference. If both options work we should go with the one that has the least specification impact.

1 company thinks that the target MAC entity can be always present.

Based on the inputs from companies, rapporteur suggests to go for the clear majority.
Proposal 8: The target MAC entity is created at the configuration of the RUDI handover.
2.4. Any other issues
Question 10: Any other issues that should be addressed in this email discussion? Please kindly specify, if any.

	Company
	Comments (If any)

	ZTE
	Is the random access triggered by the SR allowed on the source cell after with the reception of DAPS based handover?

We prefer to prohibit initiating random access on the source cell in this case.

	
	

	
	

	
	

	
	

	
	


Summary: 1 company provided views. 
One company brings up an issue on whether the random access triggered by SR in the source link is allowed or not. It seems the issue could be generalized whether the UE is allowed to perform any form of random access (SR triggered RA, CFRA, BFR, RLF etc.) to the source when RAUI is configured.
This is related to the issues that whether the functionality of two MAC entity is identical or not. For example, whether two MAC entity have the same functionality, or whether their functionality are identical each other.
Rapporteur suggests these issues can be discussed based on the company contribution. 

Proposal 9: Whether any random access (e.g. triggered by SR, CFRA, BFR, RLF etc.) to the source is allowed after with the reception of DAPS based handover can be discussed based on the company contribution. 
3. Conclusion

18 companies provided views. Based on the inputs from companies in the email discussion, following proposals are made:

Proposal 1: Any uplink grant type (e.g. dynamic grant or configured grant) can be considered as the first uplink grant for the UL data transmission switching. 
Proposal 2: The successful transmission of RRCConnectionReconfigurationComplete is not considered for uplink data transmission switching.

Proposal 3: The UL data transmission is switched upon first UL grant after successful RACH procedure, i.e. successfully reception of Msg.2 for CFRA or successful reception of Msg.4 for CBRA.

Proposal 4: RAN2 to have a short discussion on whether RACH-less handover can be configured together with the RUDI handover.  
Proposal 5: The UE keeps the UL HARQ (re)transmission of the source link after UL data transmission switching to the target eNB.

Proposal 6: When an uplink grant indicating the HARQ new transmission (e.g. for MAC CE (BSR, PHR, or Recommended Bit Rate) and/or for the new MAC SDU(s) of the RLC AM retransmission and/or the RLC STATUS PDU) is received in the source link after UL data switching, the UE is expected to perform the corresponding UL transmission accordingly. It is FFS on whether RLC AM retransmission continues or not.
Proposal 7: During RAUI handover, the UE only supports two links (i.e. the source MCG link and the target MCG link).

Proposal 8: The target MAC entity is created at the configuration of the RUDI handover.
Proposal 9: Whether any random access (e.g. triggered by SR, CFRA, BFR, RLF etc.) to the source is allowed after with the reception of DAPS based handover can be discussed based on the company contribution. 
4. Annex

Agreements

Reconfirm the following understanding on DAPS

1
For DAPS DL transmission/reception operation:

•
The source eNB and the target eNB perform header compression, ciphering and add PDCP header separately;

•
UE performs deciphering and header decompression for the DL PDCP SDUs received from the source eNB and target eNB separately; stores those PDCP SDUs in the common PDCP reception buffer and performs PDCP reordering; and then delivers the PDCP SDUs to upper layers in ascending order.

2
single UL new PUSCH data transmission as baseline and UE switches UL data transmission (new and unacknowledged PDCP SDUs) to target gNB upon reception of the first UL grant for data transmission from the target gNB after RA procedure towards the target gNB is successfully completed.
3 As described in single UL new data transmission solution: For the DL data transmission, the UE continues to provide HARQ ACK/NACK, other CSI kind of feedback, ARQ ACK/NACK to the source eNB before release of the source cell connection.

FFS whether UL HARQ retransmissions continue
FFS whether RoHC feedback is needed

4
We do not restrict UP specifications without clear reason (e.g. BSR, PHR, etc.)

Agreements

1 UE shall be able to send UL PUSCH user plane data to source eNB until the point when the message including RRC Connection Reconfiguration Complete has been successfully transmitted to target eNB.

2 Rel-15 PDCP duplication via DC (from HRLLC WID) is not supported in combination with DAPS during handover.

3
For UL transmission operation during DAPS based HO.  

•
UE maintains PDCP SN for UL PDCP PDUs in the common SN allocation function throughout the handover procedure; 

•
Performs header compression and ciphering for the UL PDCP SDUs based on the destination of the PDU (source or target eNB); 

•
Adds PDCP header and submits the PDCP date PDU to the lower layers associated to the destination of the PDU (source or target eNB); 

•
FFS on whether security and ROHC are modelled as separate functions or not.

