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1	Introduction
RAN2 agreed to introduce MRB modification to change MRB ID without removal of the MRB. In this paper we analyze different scenarios and provide couple clarifications to ensure there is common understanding how MRB ID change is supposed to work.
2	Discussion
MRB ID change should cope with at following scenario with steps executed in order. This should cover all possible different MRB ID changes/replacement scenarios:
	Step #
	Old MRB ID
	New MRB ID (configured with mrb-IdentityNew)

	1
	28
	28 (no change) - NOTE: not configured with mrb-IdentityNew as this is just reconfiguration of existing MRB

	2
	29
	30 (change to MRB ID that existed prior the configuration – switching with MRB ID 30)

	3
	30
	29 (change to MRB ID that existed prior the configuration – switching with MRB ID 29)

	4
	31
	32 (change to new MRB ID)

	5
	
	31 (new MRB with MRB ID that existed prior the configuration) – NOTE: not configured with mrb-IdentityNew as this is completely new MRB

	6
	
	33 (completely new MRB ID) - NOTE: not configured with mrb-IdentityNew as this is completely new MRB



So to see this we would have mrb-ToAddModList with following entries:
	entry #
	mrb-Identity
	mrb-IdentityNew

	1
	28
	

	2
	29
	30 (change to MRB ID that existed prior the configuration – switching with MRB ID 30)

	3
	30
	29 (change to MRB ID that existed prior the configuration – switching with MRB ID 29)

	4
	31
	32 (change to new MRB ID)

	5
	31
	

	6
	33
	




In the agreed CR R2-2204251 procedural text is written as (yellow highlights added to clarify intention for corresponding bullet):
5.3.5.6.Y	Multicast MRB addition/modification
The UE shall:
Section1 to change the mrb identity to new one for all MRBs included in the configuration:
1>	for each mrb-Identity value included in the mrb-ToAddModList for which mrb-IdentityNew is included (multicast MRB ID change):
2>	update the mrb-Identity to the value mrb-IdentityNew;
Section2 to do actions for new MRB for all MRBs included in the configuration:
1>	for each mrb-Identity value included in the mrb-ToAddModList that is not part of the current UE configuration (multicast MRB establishment including the case when full configuration option is used):
2>	establish a PDCP entity and configure it in accordance with the received pdcp-Config;
2>	if the multicast MRB was configured with the same tmgi prior to receiving this reconfiguration message:
3>	associate the established multicast MRB with the corresponding tmgi;
2>	else:
3>	indicate the establishment of the multicast MRB(s) and the tmgi of the established multicast MRB(s) to upper layers;
2>	if an SDAP entity with the received tmgi does not exist:
3>	establish an SDAP entity as specified in TS 37.324 [24] clause 5.1.1;
Section3 to do actions for existing MRB i.e. modification of existing MRB for all MRBs included in the configuration:
1>	for each mrb-Identity value included in the mrb-ToAddModList that is part of the current UE configuration (prior treating this mrb-ToAddModList):
2>	if the reestablishPDCP is set:
3>	if drb-ContinueROHC is included in pdcp-Config:
4>	indicate to lower layer that drb-ContinueROHC is configured;
3>	if drb-ContinueEHC-DL is included in pdcp-Config:
4>	indicate to lower layer that drb-ContinueEHC-DL is configured;
3>	re-establish the PDCP entity of this multicast MRB as specified in TS 38.323 [5], clause 5.1.2;
2>	else, if the recoverPDCP is set:
3>	trigger the PDCP entity of this MRB to perform data recovery as specified in TS 38.323 [5];
2>	if the pdcp-Config is included:
3>	reconfigure the PDCP entity in accordance with the received pdcp-Config.
NOTE 1:	When setting the reestablishPDCP flag for a radio bearer, the network ensures that the RLC receiver entities do not deliver old PDCP PDUs to the re-established PDCP entity. It does that e.g. by triggering a reconfiguration with sync of the cell group hosting the old RLC entity or by releasing the old RLC entity.
NOTE 2:	In this specification, UE configuration refers to the parameters configured by NR RRC unless otherwise stated.
Now checking how this works for above presented steps – Basic principle of procedural text is that first UE treat all the cases of section (as introduced above with yellow highlight) for all MRBs first then it will continue to next section:
· Entry #1: Section 1 and Section 2 not treated as this just modifies content of existing MRB i.e. this works well -> OK

· Entry #2: Section 1 changes MRB ID to new one (30). Section 2 should not be treated as this is not new MRB and as the “mrb-Identity value included in the mrb-ToAddModList” is existing (29) then this is not treated. Section3 is treated as this mrb-Identity value (29) is part of UE configuration prior treating mrb-ToAddModList -> OK

· Entry #3: Section 1 changes MRB ID to new one (29). Section 2 should not be treated as this is not new MRB and as the “mrb-Identity value included in the mrb-ToAddModList” is existing (30) then this is not treated. Section3 is treated as this mrb-Identity (30) is part of UE configuration prior treating mrb-ToAddModList -> OK

· Entry #4: Section 1 changes MRB ID to new one (32). Section 2 should not be treated as this is not new MRB and as the “mrb-Identity value included in the mrb-ToAddModList” is existing (31) then this is not treated. Section3 is treated as this mrb-Identity (31)  is part of UE configuration prior treating mrb-ToAddModList -> OK

· Entry #5: Section1 not treated. Section 2 should be treated as this is new MRB and as the “mrb-Identity value included in the mrb-ToAddModList” is existing (31) then this is not treated -> NOT OK. Section3 is treated as this mrb-Identity (31)  is part of UE configuration prior treating mrb-ToAddModList -> DOUBLE NOT OK

· Entry #6: Section1 not treated. Section2 treated as this is completely new MRB. Section 3 not treated. -> OK
So with existing procedural text step 5 is not working
Observation: Adding new MRB with existing MRB identity (which is changed to a new one) does not work with existing procedural text.
Potential solutions for the issue
Two ways of addressing the issue were identified and they are presented in Annex A and Annex B of this paper. 
The modifications shown in Annex B address the issue by clarifying in the procedural text that in the first step of procedural text mrb-Identity is updated with mrb-IdentityNew in both mrb-ToAddModList and the UE configuration. We would also need to reorder the procedure so that after updating mrb-Identity we would modify existing bearers and after that set up all new bearers.
Now checking how this works for above presented steps – Basic principle of modified procedural text is that first UE updates mrb identities in the UE configuration and also in the mrb-ToAddModList. Then UE checks for each entry which MRB is old one and modifies that MRB, and lastly for each entry UE will check if the MRB is new and do proper actions:
After the following step:
1>  update the mrb-Identity in the current UE configuration and the mrb-Identity in the mrb-ToAddModList to the value mrb-IdentityNew;
We have the following entries in the UE configuration and in the mrb-ToAddModList:
	entry #
	mrb-Identity
in the UE configuration
and in mrb-ToAddModList
	mrb-IdentityNew

	1
	28
	NOT INCLUDED (JUST MODIFYING EXISTING MRB)

	2
	29 -> 30
	30 (change to MRB ID that existed prior the configuration – switching with MRB ID 30)

	3
	30 -> 29
	29 (change to MRB ID that existed prior the configuration – switching with MRB ID 29)

	4
	31 -> 32
	32 (change to new MRB ID)

	5
	31
	NOT INCLUDED (AS THIS IS NEW MRB)

	6
	33
	NOT INCLUDED (AS THIS IS NEW MRB)


 
Afterwards, this step will be treated:
1> for each mrb-Identity value included in the mrb-ToAddModList that is part of the current UE configuration:
 
Which covers the following entries:
	entry #
	mrb-Identity
in the UE configuration
and mrb-ToAddModList
	mrb-IdentityNew

	1
	28
	NOT INCLUDED (JUST MODIFYING EXISTING MRB)

	2
	29 -> 30
	30 (change to MRB ID that existed prior the configuration – switching with MRB ID 30)

	3
	30 -> 29
	29 (change to MRB ID that existed prior the configuration – switching with MRB ID 29)

	4
	31 -> 32
	32 (change to new MRB ID)


 
Finally, the following action will take place:
1> for each mrb-Identity value included in the mrb-ToAddModList that is not part of the current UE configuration (multicast MRB establishment including the case when full configuration option is used):
Which covers the remaining entries, i.e.:
	entry #
	mrb-Identity
in the UE configuration
and mrb-ToAddModList
	mrb-IdentityNew

	5
	31
	NOT INCLUDED (AS THIS IS NEW MRB)

	6
	33
	NOT INCLUDED (AS THIS IS NEW MRB)



As can be seen with modified procedural text all the scenarios are working.
Observation: With modified procedural text of Annex B all the scenarios are working.

Another way to ensure all the scenarios work correctly is to reorganize procedural text so that one treat all the sections first for one MRB then for the next and so on, as presented in Annex A. Then we would avoid scenario where one needs to think how the change of MRB identities affect the procedural text for other MRBs and one would not need to refer to “current configuration” or “configuration prior treating mrb-ToAddModList”. This would help to ensure that there is no different interpretation how “current” is handled in different implementations.
So first one would check for the MRB if it is existing MRB i.e. mrb-Identity value included in the mrb-ToAddModList that is part of the UE configuration. And then mrb-Identity would be changed to a new one, if configured. After that any modifications would be treated and UE will skip any actions of new MRB as that part is under “else if” section.
For any MRB that is not part of existing configuration actions for the new MRB would be done.
Corresponding changes are provided in “Annex A ”. 
Now checking how this works for the above presented steps – Basic principle of modified procedural text is the UE treats one MRB first completely, then moves to the next MRB in the mrb-ToAddModList:
· entry #1: Section 1 treated without changing MRB ID as this just modifies content of existing MRB i.e. this works well -> OK

· entry #2: Section 1 changes MRB ID to new one (30) and this just modifies content of existing MRB i.e. this works well -> OK 

· entry #3: Section 1 changes MRB ID to new one (29 and this just modifies content of existing MRB i.e. this works well -> OK

· entry #4: Section 1 changes MRB ID to new one (32) and this just modifies content of existing MRB i.e. this works well -> OK

· entry #5: Section1 not treated as this is new MRB ID not existing at this point of time(MRB 31 was existing prior the message but was changed to different one i.e. 32 prior treating this entry of mrb-ToAddModList).  Section 2 is treated as this is new MRB ID 31 that does not exist at this point of time -> OK

· entry #6: Section1 not treated as this is new MRB ID note. Section2 treated as this is completely new MRB -> OK
As can be seen with modified procedural text all the scenarios are working.
Observation: With modified procedural text of Annex A all the scenarios are working.
It should be noted that there is limitation for the network with this approach for it to work properly, i.e. the network has to first list all MRBs that need modification and put all new MRBs at the end of the list. 
Observation: With Annex A style, the NW needs ensure new MRBs are listed at the end of the mrb-ToAddMod list (if they have same MRB ID as in the existing UE configuration).
3	Conclusion
In this paper we analysed existing procedural text for handling MRB ID change and found out that there is scenario where existing procedural text is not working. 
Observation: Adding new MRB with existing MRB identity (which is changed to a new one) does not work with existing procedural text.
We provided two alternative ways how to modify existing procedural text:
Observation: With modified procedural text of Annex B all the scenarios are working.
Observation: With modified procedural text of Annex A all the scenarios are working.
Style of Annex B is more aligned with existing style but it uses method where the procedural text modifies mrb-toAddModList received in the RRC message to achieve a working solution
Style of Annex A is to treat each entry in the mrb-ToAddModList separately and requires the NW to order entries so that new MRBs are added at the end of list if they will have same MRB identity as the existing UE configuration. 
Proposal: Agree how the existing procedural text is modified for handling modifying mrb-identity e.g. either Annex A or Annex B style.

[bookmark: _Ref101942914]Annex A: TP of modified procedural text for handling each element of mrb add mod list separately

5.3.5.6.7	Multicast MRB addition/modification
The UE shall for each element in the order of entry in the list the mrb-ToAddModList :
1>	for each mrb-Identity value included in the mrb-ToAddModList for which mrb-IdentityNew is included (multicast MRB ID change):
2>	update the mrb-Identity to the value mrb-IdentityNew;
1>	for each mrb-Identity value included in the mrb-ToAddModList that is not part of the current UE configuration (multicast MRB establishment including the case when full configuration option is used):
2>	establish a PDCP entity and configure it in accordance with the received pdcp-Config;
2>	if the multicast MRB was configured with the same tmgi prior to receiving this reconfiguration message:
3>	associate the established multicast MRB with the corresponding tmgi;
2>	else:
3>	indicate the establishment of the multicast MRB(s) and the tmgi of the established multicast MRB(s) to upper layers;
2>	if an SDAP entity with the received tmgi does not exist:
3>	establish an SDAP entity as specified in TS 37.324 [24] clause 5.1.1;
1>	for each if mrb-Identity value included in the mrb-ToAddModList that is part of the current UE configuration (prior treating this mrb-ToAddModList):
2>	if mrb-Identity value included in the mrb-ToAddModList for which mrb-IdentityNew is included (multicast MRB ID change):
3>	update the mrb-Identity to the value mrb-IdentityNew;
2>	if the reestablishPDCP is set:
3>	if drb-ContinueROHC is included in pdcp-Config:
4>	indicate to lower layer that drb-ContinueROHC is configured;
3>	if drb-ContinueEHC-DL is included in pdcp-Config:
4>	indicate to lower layer that drb-ContinueEHC-DL is configured;
3>	re-establish the PDCP entity of this multicast MRB as specified in TS 38.323 [5], clause 5.1.2;
2>	else, if the recoverPDCP is set:
3>	trigger the PDCP entity of this MRB to perform data recovery as specified in TS 38.323 [5];
2>	if the pdcp-Config is included:
3>	reconfigure the PDCP entity in accordance with the received pdcp-Config.
1>	else if mrb-Identity value included in the mrb-ToAddModList that is not part of the UE configuration (multicast MRB establishment including the case when full configuration option is used):
2>	establish a PDCP entity and configure it in accordance with the received pdcp-Config;
2>	if the multicast MRB was configured with the same tmgi prior to receiving this reconfiguration message:
3>	associate the established multicast MRB with the corresponding tmgi;
2>	else:
3>	indicate the establishment of the multicast MRB(s) and the tmgi of the established multicast MRB(s) to upper layers;
2>	if an SDAP entity with the received tmgi does not exist:
3>	establish an SDAP entity as specified in TS 37.324 [24] clause 5.1.1;
NOTE 1:	When setting the reestablishPDCP flag for a radio bearer, the network ensures that the RLC receiver entities do not deliver old PDCP PDUs to the re-established PDCP entity. It does that e.g. by triggering a reconfiguration with sync of the cell group hosting the old RLC entity or by releasing the old RLC entity.
NOTE 2:	In this specification, UE configuration refers to the parameters configured by NR RRC unless otherwise stated.
[bookmark: _Ref101945480]Annex B: TP for retaining existing style with required modifications
[bookmark: _Toc100929581]5.3.5.6.7	Multicast MRB addition/modification
The UE shall:
1>	for each mrb-Identity value included in the mrb-ToAddModList for which mrb-IdentityNew is included (multicast MRB ID change):
2>	update the mrb-Identity in the current UE configuration and the mrb-Identity in the mrb-ToAddModList to the value mrb-IdentityNew;
1>	for each mrb-Identity value included in the mrb-ToAddModList that is not part of the current UE configuration (multicast MRB establishment including the case when full configuration option is used):
2>	establish a PDCP entity and configure it in accordance with the received pdcp-Config;
2>	if the multicast MRB was configured with the same tmgi prior to receiving this reconfiguration message:
3>	associate the established multicast MRB with the corresponding tmgi;
2>	else:
3>	indicate the establishment of the multicast MRB(s) and the tmgi of the established multicast MRB(s) to upper layers;
2>	if an SDAP entity with the received tmgi does not exist:
3>	establish an SDAP entity as specified in TS 37.324 [24] clause 5.1.1;
1>	for each mrb-Identity value included in the mrb-ToAddModList that is part of the current UE configuration (prior treating this mrb-ToAddModList):
2>	if the reestablishPDCP is set:
3>	if drb-ContinueROHC is included in pdcp-Config:
4>	indicate to lower layer that drb-ContinueROHC is configured;
3>	if drb-ContinueEHC-DL is included in pdcp-Config:
4>	indicate to lower layer that drb-ContinueEHC-DL is configured;
3>	re-establish the PDCP entity of this multicast MRB as specified in TS 38.323 [5], clause 5.1.2;
2>	else, if the recoverPDCP is set:
3>	trigger the PDCP entity of this MRB to perform data recovery as specified in TS 38.323 [5];
2>	if the pdcp-Config is included:
3>	reconfigure the PDCP entity in accordance with the received pdcp-Config.
1>	for each mrb-Identity value included in the mrb-ToAddModList that is not part of the current UE configuration (multicast MRB establishment including the case when full configuration option is used):
2>	establish a PDCP entity and configure it in accordance with the received pdcp-Config;
2>	if the multicast MRB was configured with the same tmgi prior to receiving this reconfiguration message:
3>	associate the established multicast MRB with the corresponding tmgi;
2>	else:
3>	indicate the establishment of the multicast MRB(s) and the tmgi of the established multicast MRB(s) to upper layers;
2>	if an SDAP entity with the received tmgi does not exist:
3>	establish an SDAP entity as specified in TS 37.324 [24] clause 5.1.1;
NOTE 1:	When setting the reestablishPDCP flag for a radio bearer, the network ensures that the RLC receiver entities do not deliver old PDCP PDUs to the re-established PDCP entity. It does that e.g. by triggering a reconfiguration with sync of the cell group hosting the old RLC entity or by releasing the old RLC entity.
NOTE 2:	In this specification, UE configuration refers to the parameters configured by NR RRC unless otherwise stated.


