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Introduction
The WID for Solutions for NR to support non-terrestrial networks (NTN) in [1] the following objective for RAN1 is stated:
Enhancing features to address the identified issues due to long propagation delays, large Doppler effects, and moving cells in NTN, the following should be specified (see TR 38.821):
· Timing relationship enhancements[RAN1,RAN2]
· Enhancements on UL time and frequency synchronization [RAN1,RAN2]
· HARQ
· Number of HARQ process [RAN1]
· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]

Given these objectives, the given issues also specified in TR 38.821 [2] needs to be changed in the following general 3GPP specifications:
· TS 38.213 3GPP: NR; Physical layer procedures for control [3] 
· TS 38.214 3GPP: NR; Physical layer procedures for data [4] 
In this document, first, we present the affected clauses and subclauses to be changed in [3] and [4] in order to cover NTN systems for Rel-17. 
Second, we provide our analysis regarding the enhancement of the 5G NR timing relationships for NTN.



Impacted Clauses 

	Feature
	Impacted clauses

	PDSCH reception timing
	38.214[4] - 5.1.2.1 (Resource allocation in time domain), 5.5 (UE PDSCH reception preparation time with cross carrier scheduling with different subcarrier spacings for PDCCH and PDSCH)

	Transmission timing for PUSCH scheduled by DCI
	38.214[4] – 6.1.2.1 (Resource allocation in time domain), 6.4 (UE PUSCH preparation procedure time)

	Transmission timing for PUSCH scheduled by RAR grant
	38.213[3] – 8.3 (PUSCH scheduled by RAR UL grant)
38.214[4] – 6 (Physical uplink shared channel related procedure)*

	Transmission timing for HARQ-ACK on PUCCH
	38.214[4] – 5.3 (UE PDSCH processing procedure time);
38.213[3] - 9.1.2 (Type-1 HARQ-ACK codebook determination), 9.1.3 (Type-2 HARQ-ACK codebook determination), 9.2.3 (UE procedure for reporting HARQ-ACK) 

	MAC CE action timing
	[bookmark: _Toc11352095][bookmark: _Toc20317985][bookmark: _Toc27299883][bookmark: _Toc29673148][bookmark: _Toc29673289][bookmark: _Toc29674282]38.214[4] - 5.1.4.2 (PDSCH resource mapping with RE level granularity), 5.1.5 (Antenna ports quasi co-location), 5.2.1.5.2 (Semi-persistent CSI/Semi-persistent CSI-RS), 5.2.4 (CSI reporting using PUCCH), 6.2.1 (UE sounding procedure), 


	Transmission timing for CSI on PUSCH
	38.214[4] – 5.2 (UE procedure for reporting channel state information (CSI))

	CSI reference resource timing
	38.214[4] - 5.2.2.5 (CSI reference resource definition)

	Aperiodic SRS transmission timing
	38.214[4] – 6.2.1 (UE sounding procedure)


*NOTE: Transmission timing for PUSCH scheduled by RAR grant : “With reference to slots for a PUSCH transmission scheduled by a RAR UL grant, if a UE receives a PDSCH with a RAR message ending in slot [image: ] for a corresponding PRACH transmission from the UE, the UE transmits the PUSCH in slot [image: ], where [image: ] and [image: ] are provided in [6, TS 38.214[4]]. ” 

Proposal 1: RAN1 to check if the given list for impacted clauses is complete and needs to be captured.  

Timing Relationships Enhancement
In this section, we provide our analysis regarding the enhancement of timing relationships for NTN. In particular, this section is organized as follows. In the first part, we provide an overview of the existing timing relationships in 5G NR with the focus on summarizing the key driving factors for the choice of the range of the values of the existing timing offsets, i.e., . Then, in the second part, we explain our proposal for potential enhancement of the timing offsets via . 
5G NR Timing Relationships Overview 
1. Transmission timing for HARQ-ACK on PUCCH:  
For this case, upon reception of a PDSCH, UE sends a valid HARQ-ACK message on PUCCH, carrying the HARQ-ACK information. The first uplink symbol of PUCCH that carries HARQ-ACK information is determined by HARQ-ACK timing parameter  and the assigned time-domain resource including the effect of timing advance. However, UE can only send a valid HARQ-ACK if the corresponding first uplink symbol of PUCCH starts on or after symbol . Here,  is defined as the next uplink symbol, including its cyclic prefix, starting after UE PDSCH processing time, followed by the end of the last symbol of the PDSCH carrying a transport block being acknowledged [4]. In particular, UE PDSCH processing time can be evaluated as follows 
, 

Where N1 is based on µ of table 5.3-1 and table 5.3-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µPDCCH, µPDSCH, µUL) resulting with the largest . Parameter  is obtained based on the PDSCH mapping type, i.e., mapping type A or mapping type B, see [4] for further details. 
Table [5.3-1, 38.214]: PDSCH processing time for PDSCH processing capability 1
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
	dmrs-AdditionalPosition ≠ pos0 in 
DMRS-DownlinkConfig in either of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB 
or if the higher layer parameter is not configured 

	0
	8 
	N1,0  =13, 14

	1
	10
	13

	2
	17
	20

	3
	20
	24



Table [5.3-2, 38.214]: PDSCH processing time for PDSCH processing capability 2
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB

	0
	3

	1
	4.5

	2
	9 for frequency range 1



In terrestrial networks, common rationale is to adopt the minimum value of  such that . In other words, minimum value of  is chosen such that UE PDSCH processing time is preserved. Given the current range of the values of parameters and in the equation above, the UE PDSCH processing time, in a very coarse approximation, can range between 0.5 to 2 slots. However, the range of the values of  is between 0 to 15. This provides the freedom to choose from a dynamic range of approximately 13 slots for the gNB to schedule HARQ-ACK message. 
2. Timing relationships for PUSCH scheduled by DCI, PUSCH scheduled by RAR grant, and transmission timing for CSI on PUSCH 
In the following, we study the timing relationships for PUSCH scheduled by DCI, PUSCH scheduled by RAR grant, and transmission timing for CSI on PUSCH all together, since the above mentioned timing relationships are highly correlated.  
Potentially, UE can be scheduled to transmit a transport block and no CSI report, or to transmit a transport block and CSI report, or to transmit a PUSCH only for the purpose of a CSI report(s). For the first two cases, i.e., transmission of a transport block with/-out CSI report, the Time domain resource assignment field value  of the DCI gives the row index  to an allocation table, where the indexed row defines the slot offset , along with other parameters such as the start and length SLIV, the PUSCH mapping type, and the number of repetitions. The current range of the values of  is between . On the other hand, when PUSCH is scheduled for transmitting only a CSI report(s) via CSI request field of the DCI, the Time domain resource assignment field value  provides a row index  to an allocation table and the value of  is obtained as , where  are the corresponding list entries of the higher layer parameter reportSlotOffsetList in CSI-ReportConfig for triggered CSI reporting settings and  is the th entry of . The range of the values of  is . 
Furthermore, when UE receives the DCI, the corresponding scheduled PUSCH is transmitted only if the first uplink symbol in PUSCH (including the DM-RS), which is determined via parameters , SLIV, and including the effect of the timing advance, is not earlier than at symbol . Here, symbol is defined as the next uplink symbol with its CP that comes  after the end of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH. In particular,  is the PUSCH preparation procedure time and can be evaluated as follows 
,
 is based on µ of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µDL, µUL) resulting with the largest Tproc,2. 
· If the first symbol of the PUSCH allocation consists of DM-RS only, then d2,1 = 0, otherwise d2,1 = 1. 
· If the scheduling DCI triggered a switch of BWP, d2,2 equals to the switching time as defined in [11, TS 38.133], otherwise d2,2=0. 

   Table [6.4-1, 38.214]: PUSCH preparation time for PUSCH timing capability 1
	

	PUSCH preparation time N2 [symbols]

	0
	10

	1
	12

	2
	23

	3
	36



Table [6.4-2, 38.214]: PUSCH preparation time for PUSCH timing capability 2
	

	PUSCH preparation time N2 [symbols]

	0
	5

	1
	5.5

	2
	11 for frequency range 1



Specifically, the value of  is chosen such that the PUSCH preparation time is preserved, i.e., . Given the range of the values of the parameter , maximum number of slots required for PUSCH preparation is approximately 2.5 slots. This gives the gNB the huge margin of around 30 slots for scheduling PUSCH. 

3. CSI reference resource timing: 
When UE is scheduled to transmit a CSI report(2) on PUSCH in slot  via the CSI request field on a DCI, its corresponding “CSI reference resource” appears in a single downlink slot , where  and and  are the SCS for DL and UL, respectively. The value of  is determined based on the properties of CSI reporting setting. In particular, for periodic and semi-persistent CSI reporting,  is the smallest value greater than or equal to  and  for single CSI-RS resource and multiple CSI-RS resources, respectively. For the case where aperiodic CSI reporting is configured,  is the smallest value greater than or equal to , where corresponds to UE CSI computation time. 

4. Aperiodic SRS Transmission Timing: 
For the case of SRS transmission, and in particular aperiodic SRS, after receiving the DCI in slot , the UE transmit aperiodic SRS in each of the triggered SRS resource set(s) in slot 

, 

where, is configured via higher layer parameter slotOffset  for each of the triggered SRS resource set and is based on the subcarrier spacing of the triggered SRS transmission. The current range of the values of  is between . Furthermore, it is worth mentioning that each SRS resource set can be configured with a certain usage condition. Specifically, when SRS resource set usage is set to either “codebook” or “antennaSwitching”, for each SRS in the SRS resource set, the minimum time interval, in terms of the number of symbols, between the last symbol of PDCCH triggering the aperiodic SRS transmission and the first symbol of SRS resource is . For other usage scenarios, the minimum time interval is . 

From the above discussion, we can observe that gNB has the flexibility of around 18 slots for scheduling UE aperiodic SRS transmission, taking the maximum preparation time () into account. 
Timing Relationships Enhancement 
In this part, we provide our analysis regarding the enhancement of timing relationships in NTN. Two approaches have been considered so far for applying timing advance in NTN. In the first approach, UE applies the full timing advance, which due to the large propagation delays in NTN, leads to large offset in UE’s uplink and downlink frame timing. In the second approach, however, it is assumed that the gNB compensate the common timing advance at network side and, consequently, UE applies the UE specific differential timing advance. The advantage of the second approach is that the offset between UE’s uplink and downlink frame timing is reduced. However, this advantage comes at the cost of misalignment in gNB’s uplink and downlink frame timing and additional complexity at the network side.  
 We note that our approach for enhancement of the existing timing relationships is applicable to both approaches for applying timing advance, i.e., irrespective of UE’s approach in applying full timing advance or differential timing advance. 
Based on the discussion provided in the previous section, we can see that the purpose of the existing timing offsets is to provide flexibility for the gNB scheduler. In NTN, due to the large propagation delays, and as a result of that, large timing advance, the gNB’s scheduling flexibility is substantially reduced. Thus, in order to preserve the current gNB’s scheduling margin, considered in 5G NR, we propose to choose the value of  according to the UE specific timing advance as follows 

where  is the UE specific timing advance in [] and  is the numerology based on uplink subcarrier spacing. In the equation above, the values of  has the unit of “slot”. However, it is also possible to calculate the absolute values of , and the corresponding slot is evaluated at both UE and gNB side based on the adopted numerology. 
Proposal 2: RAN1 to decide on the unit of the values of .
We note that the range of the values of  based on the above equation is UE specific and is applicable for all timing relationships discussed in the first part of this section, except the timing relationship for PUSCH scheduled by RAR, as the value of  is obtained after performing random access. As a consequence of this, we propose to adopt the value of  for this particular timing relationship. i.e., timing relationship for PUSCH scheduled by RAR, based on the maximum value of round trip time delay RTD


Discussion regarding the signalling of  is provided later in this section. 
In the following, we consider an schematic example (Fig. 1) of the enhancement of the transmission timing of PUSCH scheduled by DCI, according to the equation above. As can be seen in this figure, large TA of UEs, especially UE2, leads to the reduction of gNB scheduling flexibility. Extension of the timing offset  for each user by its corresponding  , i.e., UE1 and UE2 based on  and , respectively preserves the gNB scheduling flexibility. 
Observation 1: The range of the values of  is UE specific within the cell. 
Observation 2: Adopting the values of  according to the UE specific TA maintain gNB scheduling flexibility. 


Figure 1 - Timing Relationships Enhancement NTN
 
Signalling 
It is mentioned in [2] that “The values of  can be per beam or per-cell. It is for further study whether  is derived from broadcast information or is signaled by higher layers. The possibility of extending the range K1 and/or K2 beyond what is supported in NR Rel-15 can be further discussed when the specifications are developed.” 
We would like to emphasize that adopting  according to the UE specific TA in equation (1) reduces the signalling overhead as both gNB and UE are aware of the value of the UE specific TA. The proposed approach also has the advantage that UE can updated and maintain its TA via TA MAC CE element. 
Proposal 3: Adopt  according to the UE specific TA. 
For the case of PUSCH transmission scheduled by RAR, the corresponding value of , based on equation (2), can be broadcast as part of SIB. After successful random access procedure and obtaining TA, both UE and gNB can re-calculate, update, and maintain the values of  based on equation (1). 
Proposal 4: Broadcast the value of   based on (2) as part of SIB.

Summary
The following observations and proposals are described in this document:
Proposal 1: RAN1 to check if the given list for impacted clauses is complete and needs to be captured.  
Proposal 2: RAN1 to decide on the unit of the values of .
Observation 1: The range of the values of  is UE specific within the cell. 
Observation 2: Adopting the values of  according to the UE specific TA maintain gNB scheduling flexibility. 
Proposal 3: Adopt  according to the UE specific TA.
Proposal 4: Broadcast the value of   based on (2) as part of SIB.
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