[bookmark: historyclause][bookmark: _Toc383764588][bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #105-e  	R1-2104564
e-Meeting, May 10th – 27th, 2021   
Agenda Item: 8.4.1
Source: MediaTek Inc.
Title: Timing relationship enhancements for NR-NTN
Document for: Discussion and Decision
Introduction
A RAN2-led Rel-17 Working Item on Solutions for NR to support non-terrestrial networks (NTN) was revised in RAN Plenary #88e [1]. The study item phase has identified issues and made recommendations on NR timing relationships in a TP to 38.811 agreed in RAN1#99 [2]. In this contribution, we make observations and proposals to address issues discussed in RAN1#104e and summarized in FL summary  for NTN timing relationships [3].
[bookmark: _Ref481671177]
K_offset value determination
This section addresses Issue #2 in FL summary in [3]. RAN1#104bis-e made agreement
For determination of cell-specific K_offset in system information, down-select one option from below:
· Option 1: Signal one offset value for K_offset
· Note: For example, the value is expected to cover the RTT of service link plus the RTT between serving satellite and reference point
· Option 2: Signal a first offset value and a second offset value. K_offset is equal to the sum of the two offset values
· Note: For example, the first offset value is expected to cover the RTT between serving satellite and reference point or is determined by common TA, and the second offset value is expected to cover RTT of service link
Our understanding of Option 1 and Option 2 is as follows:
· Option 1 and Option 2 can be configured by the network 
· Option 1 and Option 2 cover both cases for reference point for DL-UL subframe timing alignment at the satellite or at the gNB
· Option 1 is more efficient for NTN SIB payload
· Option 2 breaks the common RTT between satellite and reference point and RTT over the service link for UL scheduling. If reference point is aligned at the gNB, first K_offset value is RTD of feeder link; if aligned at satellite, it is zero. In both cases, there is no benefit for UE buffering of DL packets since the processing of UL HARQ feedback on PUCCH needs to be done in the gNB in transparent payload.  
We think both options would be suitable and could be configured. Since the agreement is to down select Options, we have small preference for Option 1 which is more efficient for NTN SIB payload.
Proposal 1: Support Option 1: Signal one offset value for K_offset.

MAC CE command timing relationship
This section addresses Issue #4 in FL summary in [3]. In RAN1#104bise, the following agreement was made:
UE can be provided by network with a K_mac value.
· When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.

RAN1#103e made agreement 
Denote by K_mac a scheduling offset other than K_offset:
· If downlink and uplink frame timing are aligned at gNB: 
· For UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed. 
· For UE action and assumption on uplink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed.
· If downlink and uplink frame timing are not aligned at gNB: 
· For UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH, K_mac is needed. 
· For UE action and assumption on uplink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed.
· Note: This does not preclude identifying exceptional MAC CE timing relationship(s) that may or may not require K_mac.

If downlink and uplink frame timing are aligned at gNB, K_mac is not provided and UE can assume K_mac = 0 based on RAN1#103-e agreement. 
If downlink and uplink frame timing are aligned at satellite, K_mac value configuration depends on NTN architecture options as summarised in Section 4.1 in [3] and detailed in [4]:
· Scenario 1: RU located at gNB. This scenario is ambiguous as the gNB and Gateway may or may not be co-located.  
· Scenario 2-a: RU located at gateway, with gateway and gNB co-located. For this scenario K_mac=RTD of feeder link
· Scenario 2-b: RU located at gateway, with gateway and gNB located away from each other. For this scenario, K_mac = RTD of feeder link + RTD of Gateway-gNB
· Scenario 3: RU located at satellite. For this scenario K_mac = 0. There is also no need for Common TA parameters to be broadcast.

Proposal 2: Support K_mac values for the following NTN architecture options:
· Scenario 2-a: K_mac=RTD of feeder link
· Scenario 2-b: K_mac = RTD of feeder link + RTD of Gateway-gNB
· Scenario 3: K_mac = 0.  

Start of RAR window
This section addresses Issue #9 in [3]. The following agreement was made in RAN2#113bis-e:
· RAN2 has agreed to use UE-gNB RTT as the offset to start some UP timers (e.g. drx-HARQ-RTT-TimerDL). Ask RAN1 to provide inputs on (i) how UE acquires UE-gNB RTT and (ii) what additional information needs to be broadcasted other than that for TA pre-compensation, if any

To offset to start some UP timers (e.g. drx-HARQ-RTT-TimerDL), the UE needs to acquire the RTT of the UE-gNB. The UE can acquire the UE-satellite RTT based on its GNSS-acquired location and broadcast of satellite ephemeris which is information already agreed in RAN1; further, to acquire the satellite-gNB RTT, the UE needs additional information as follows:
· Option 1: Broadcast on satellite-gNB RTT
· Option 2: Broadcast of gNB position
On Option 1, it is already partly covered in RAN1 agreement on  NTN UE Timing Advance formula. NTA,common is network-controlled and may include any timing offset considered necessary by the network. To our understanding, with reference point for DL-UL subframe timing alignment at the gNB, then NTA,common should be configured to corresponds to the RTT of satellite-gNB.
On Option 2, if agreed in RAN1 it will allow UE to determine the RTT of satellite – gNB using satellite ephemeris information and gNB location information. 
Since the issue of common timing offset value is already under discussion in AI 8.4.2, we think it can be discussed in that track.
Proposal 3: Start of RAR window can be discussed in AI 8.4.2

PDCCH ordered PRACH
This section addresses Issue #11 in FL summary in [3]. The following moderator recommendation was made in RAN1#104bis-e: 
· On whether to introduce Koffset in PDCCH ordered PRACH, proponents are encouraged to have offline discussions with other companies.
The maximum differential delay within a cell is 10.3 ms assuming max foot print size (edge to edge) regardless of the elevation angle of 3500 km (TR 38.821 Table 4.2-2). The gNB can then assume that the maximum ambiguity for the next RO would be upper bounded by 10.3 ms assuming the common TA and further assuming the RTT to the nearest beam edge. It is up to the gNB to configure ROs for PDCCH order RACH. If gNB configure ROs once every 10 ms or so, the ambiguity can be removed all together; if it configure ROs once every 5 ms, then two blind decoding attempts may be needed. Hence, it can be left to the network to configure PDCCH ordered RACH resources to mitigate blind detection attempts at the gNB.
Proposal 4: Blind detection of PDCCH ordered RACH is supported without new enhancements. 

Conclusion
In this contribution, we summarize issues and discuss impact on specifications for solutions for NR timing relationships. 
 Proposal 1: Support Option 1: Signal one offset value for K_offset.
Proposal 2: Support K_mac values for the following NTN architecture options:
· Scenario 2-a: K_mac=RTD of feeder link
· Scenario 2-b: K_mac = RTD of feeder link + RTD of Gateway-gNB
· Scenario 3: K_mac = 0.  
Proposal 3: Start of RAR window can be discussed in AI 8.4.2
Proposal 4: Blind detection of PDCCH ordered RACH is supported without new enhancements. 
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