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1 Introduction

During RAN2#94, RAN2 discussed [1] and captured the following agreements regarding TRP: 
Agreements:


1:
 NR eNB corresponds to 1 or many TRPs

Agreed requirements


2: 
As baseline, NR shall support a state with network controlled mobility handling and a state with UE controlled mobility.


3: 
For typical NR inter-eNB network controlled mobility, minimise the required measurement configuration to be provided to the UE to configure measurements (e.g. avoid the need to provide detailed 'cell' level information). More detailed information may be provided to address some cases.


4
Minimise context move as a consequence of UE based mobility.

And also, during RAN2#94, RAN2 discussed and made the following agreements regarding mobility:

Agreements

Two levels of network controlled mobility:

1: RRC driven at 'cell' level.

2: Zero/Minimum RRC  involvement (e.g. at MAC /PHY) 

FFS what is the definition of a cell
Since the current agreement consider number of TRPs under a NR eNB, discussion of TRP concept in NR should be followed. In this contribution we would like to discuss about the ‘TRP related issues’ in NR.
2 TRP Mobility
For starters, UE mobility with TRP change must be considered. Considering a single-beam based system, there would be TRP changes and eNB changes due to UE mobility, as shown in Figure 1. Considering a multi-beam based system, there could be beam, TRP, and eNB changes, as shown in Figure 2.
In this contribution, the TRP change due to eNB change is treated as inter-eNB mobility. 
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Figure 1.  TRP and eNB mobility in a single-beam based NR system
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Figure 2.  Beam, TRP, and eNB mobility in a multi-beam based NR system

Regarding NR mobility, agreements from RAN2#94 specify that there are two levels of mobility, such as RRC driven mobility and low layer (zero/minimum RRC involvement) based mobility. Hence, the TRP mobility should be designed as one of the above two levels of mobility. 

For technical discussion, we define the two levels of mobility as follows:

( RRC driven mobility:
RRC triggered (executed) reconfigurations, similar as LTE handover. 
Decision based on RRM measurement reports or L1 feedback.
( Low layer mobility:
Low layer (L1/MAC) triggered (executed) changes with limited RRC involvement. 
Decision based on L1 feedback.

The pros and cons of the two mobility options are shown in Table 1.
Table 1. Pros and cons of RRC driven TRP mobility vs. zero/minimum RRC involved TRP mobility
	
	Pros (+)
	Cons (-)

	RRC driven
TRP mobility
	· Can support different RRC contents for different TRPs under the same eNB
· All the TRP changes are controlled by eNB (CU)
	· RRC signalling overhead
(especially when many TRPs in an eNB)
· Latency of TRP change becomes longer
· UE have to distinguish TRPs 
(for TRP measurement report)
 

	Low layer based TRP mobility
	· Faster TRP change is available based on L1 feedback (no L3 filtering)
· Reduced RRC signalling overhead and latency
	· Cannot support different RRC contents among different TRPs


Compared with RRC driven mobility, low layer based mobility enables faster TRP change without RRC signalling. 
As mentioned above, procedures for TRP mobility differs depending on whether or not the RRC signalling is essential to support TRP mobility. Therefore, the TRP mobility must be designed considering protocol stack of TRP. 
Observation 1: TRP mobility must be designed considering protocol stack of TRP
Recommended TRP mobility for different TRP protocol stacks are as follows:

Table 2. Protocol Stack design options of TRP and recommmended TRP mobility
	TRP Design
	Recommended TRP Mobility
	Note

	RF only

 
	Low layer based TRP mobility
	· L1/ MAC located in CU can be a control anchor of inter-TRP mobility.
· No need of RRC control/ reconfiguration 

	L1

RF

 
	Low layer based TRP mobility
	· MAC located in CU can be a control anchor of inter-TRP mobility.
· No need of RRC control/ reconfiguration 

	MAC
(full/partial)

L1

RF

 
	RRC driven TRP mobility
	· If TRP has full MAC, MAC-reset may be needed

	
	Low layer based TRP mobility
	· If TRP has partial MAC, upper MAC located in CU can be a control anchor of inter-TRP mobility.
· If TRP has full MAC, MAC entities in different TRPs may need to communicate and synchronize MAC context with each other.
· In this case, RRC control/reconfiguration may not be needed.

	RLC
(full/partial)

MAC

L1

RF

 
	RRC driven TRP mobility
	· MAC-reset may be needed

· If TRP has full RLC, RLC re-configuration may be needed

	
	Low layer based TRP mobility
	· An independent control entity/layer in CU can be a control anchor of inter-TRP mobility. The entity/layer does not need to be standard entity/layer.
· RRC control/reconfiguration may not be needed.


Table 1 and Table 2 show that the low layer based mobility enables faster TRP change, while supporting various TRP protocol stack designs. Moreover, the low layer based mobility reduces the RRC signalling overhead which is not negligible considering lots of TRPs and UEs under single eNB. 

Therefore, we propose low layer based mobility as a baseline scheme for inter-TRP mobility. Detail of inter-TRP mobility is FFS, with at least zero/minimum RRC involvement.
Proposal 1: In NR, low layer based mobility is baseline scheme for inter-TRP mobility. Detail of inter-TRP mobility is FFS, with at least zero/minimum RRC involvement.
Note that the TRP mobility can be treated with possibly different hysteresis/ offset/ filtering, and feedback granularity, compared with the beam level mobility in a multi-beam based NR system.
3 Transparent vs. Non-transparent TRP 
Another issue is that the TRP should be visible to UE or not. Considering the legacy RRH and DAS based systems, TRP could be designed as transparent to UE. Otherwise, TRP could be designed to be distinguished by each UE. 

For fluent discussion, we define the terms as follows:
( Transparent TRP:
TRP is invisible to UE. No TRP related information is provided to UE. No TRP related operation is defined in UE. 
( Non-transparent TRP:
UE can distinguish TRPs. TRP related information may be provided to UE. TRP related operations could be defined in UE.

In order to make decision from the two design choices, we need to study the design choices and characteristics in more detail, as in Table 3.
Table 3. Characteristics of Transparent TRP and Non-transparent TRP designs

	
	TRP Info
	TRP Mobility
	Feedback Info.
(in a multi-beam based system)

	Transparent TRP
	Not shared
	· eNB controlled TRP change (implementation)

· For multi-beam based NR, TRP change could be based on beam feedback
	Beam ID, 
and 
Channel/Beam Quality

	Non-transparent TRP
	Shared to UE as
1. Explicit TRP ID
2. Implicit TRP distinction 
(i.e., different TRP if RS is different, beam ID is distinguished, …) 
	· Possibly with different measurement method compared with eNB/beam mobility
· For multi-beam based NR, possibly with different hysteresis/ offset/ filtering, and feedback granularity compared with beam feedback
	Beam ID, 
Channel/Beam Quality, 
(and possibly 
TRP ID)


With the above characteristics, we can study the pros and cons of the two different designs, as in Table 4.
Table 4. Pros and cons of Transparent TRP vs. Non-transparent TRP designs

	
	Pros (+)
	Cons (-)

	Transparent TRP
	· Simple to implement

· No need of additional TRP info. transmission

· eNB controls TRP change
(implementation)
	· Cannot support TRP specific operations
such as TRP ID feedback or TRP based measurement
· eNB cannot designate a specific TRP to be measured and reported 
· Difficult to support multi-TRP connectivity which requires periodic measurement/ report of different TRPs
· Cannot support RRC driven TRP mobility
with measurement report

	Non-transparent TRP
	· Can support TRP specific operations
such as measurement/ feedback
· UE measurement based robust TRP tracking is possible
(since UE knows all the results while eNB/TRP only follows limited measurement results reported by UE)
· UE can decide which info. of which TRP to feedback and reduce feedback signalling overhead.
· Can support both RRC driven and low layer based TRP mobility
· Easy to support multi-TRP connectivity among different TRPs
	· TRP must be distinguished by UE

· TRP ID design is L1 issue
· Rule/table can be transmitted to UE
· Increased UE implementation complexity 


From the pros and cons, we can see that the non-transparent TRP design supports more options compared with transparent TRP design. However, at this point, it is hard to say that the non-transparent TRP design is better than the transparent TRP design, or the transparent TRP design will not work properly for inter-TRP mobility.

Regarding TRP ID design, it is mainly L1 issue. However, even without explicit TRP ID, there could be any rule/table to map TRP and correlated resource/beam for TRP distinction. Therefore, we may conclude that the explicit TRP ID is not necessarily required for both transparent and non-transparent TRP designs.
Hence, if there is any other ID which UE can synchronize, explicit TRP ID may not be required for both transparent and non-transparent TRP designs. Detail of TRP transparency related design is FFS.
Proposal 2: 3GPP should further study the need for the UE to be aware of TRP entities in the network. If such a need is identified, it remains to be studied whether such a TRP entity should be identified by a separate identity over the radio, or could be identified based on some other identity (like beam-id) and an implicit rule.
4 Conclusion

RAN2 is requested to discuss and if possible agree on the following proposals:
Observation 1: TRP mobility must be designed considering protocol stack of TRP
Proposal 1: In NR, low layer based mobility is baseline scheme for inter-TRP mobility. Detail of inter-TRP mobility is FFS, with at least zero/minimum RRC involvement.
Proposal 2: 3GPP should further study the need for the UE to be aware of TRP entities in the network. If such a need is identified, it remains to be studied whether such a TRP entity should be identified by a separate identity over the radio, or could be identified based on some other identity (like beam-id) and an implicit rule.
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