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Introduction
This contribution summarizes the email discussion after RAN1 #98 on IAB case-1 timing. The discussion focuses on two schemes as following:
· Scheme-1: The parent node signals the actual T_delta to IAB node.
· Scheme-2: The parent node signals the target T_delta to IAB node.
One analysis of DL-Tx synchronization timing error for the two schemes are given in section 2. Companies’ views are collected in section 3.   
Analysis of DL-Tx timing error
In this document, the DL-Tx timing error of an IAB node is defined as the difference between the DL-Tx timing of the IAB node and the DL-Tx timing of its parent node. 
Denote the following:
· : the DL-Tx timing at parent node at time t;
· : the detected DL-Rx timing at IAB node at time t;
· : the reference UL-Tx timing at IAB node at time t, satisfying  according to [7.1, TS38.133];
· : the actual UL-Tx timing at IAB node at time t, satisfying , where  with  defined in [7.1, TS38.133].
· : the actual UL-Rx timing at parent node at time t. 
· : the actual T_delta, i.e., half of actual time interval at time t in parent node, between DL-Tx timing and actual UL-Rx timing 

·  : the reference or target T_delta, i.e., half of target timing interval in parent node, between DL-Tx timing and reference/target UL-Rx timing.
The difference between reference T_delta and actual T_delta at time t is given by 

where  is assumed and  is to be analyzed later.   
· : the DL-Tx timing at IAB node at time t, which is detected  less estimated one-way propagation delay.
·  and : one-way propagation delay at time t on DL and UL, respectively, between IAB node and its parent. 


[bookmark: _Ref18916776]Figure 1 Case-1 “one shot” timing relationship
As shown in Figure 1, the following timing relations are held on the parent link at any time t, 



(1)
Scheme 1 (The actual T_delta is signaled to IAB node)


[bookmark: _Ref19406630]Figure 2 Node coordination based on actual T_delta (scheme 1)
Further denote the following three time instances as shown in Figure 2:
· : the time instance when  is measured by the parent node; 
· : the time instance when IAB node retrieves the “current” TA interval between DL-Rx and UL-Tx;
· The actual TA at  may be updated due to autonomous UL-Tx timing adjustment(s) (e.g., ref 7.1.2.1 in 38.133).
· : the time instance when the IAB node derives the DL-Tx timing based on received T_delta (corresponding to time ), local TA (corresponding to time ) and DL-Rx timing (corresponding to time ). In general, 
In scheme 1, the TA interval can be either reference TA interval (namely scheme 1-1) or actual TA interval (namely scheme 1-2). 
· If reference TA interval is used (scheme 1-1), the one-way propagation delay is estimated as

where  is quantization operator and  is quantization error in T_delta signaling. 
The IAB node DL Tx timing is calculate at time as


· If actual TA interval is used (scheme 1-2), the one-way propagation delay is estimated as

The IAB node DL Tx timing is calculate at time  as 

Assume: 
a) DL and UL has the same channel delay profile at any given time, i.e., ;
b) The channel delay profile remains the same between  and . This is based on the assumption that the parent node does not wait long to send T_delta after T_delta is measured, and the IAB node does not wait long to calculate its DL-Tx timing after receiving T_delta.  
c) In scheme 1-1, though not controllable,  is measurable by IAB node.
If T_delta indication and TA are consistent, which requires no other TA adjustment happening between  and , 
· In both scheme 1-1 and scheme 1-2, .
· In scheme 1-1, the effect of  remains unchanged up to time  (IAB node does not know  but knows about ) and therefore its effect to  can be compensated back by IAB implementation.
· In Scheme 1-2,  due to no additional TA adjustment between  and . 
Therefore, under assumption of consistency between TA and T_delta, both scheme 1-1 and scheme 1-2 can have , where  is quantization error in T_delta signaling. 
The above analysis assumes TA command (TAC) and T_delta indication are delivered independently and sequentially. But the inline principle does not prevent both from being sent altogether (e.g., associating with one PDSCH transmission). When the parent node delivers <TAC, T_delta=> altogether to the IAB node, assume the IAB node observes its local TA at time , denoted as , as either  (i.e., scheme 1-1) or  (i.e., scheme 1-2), then the IAB node can perform either of following two operations, with the choice as implementation issue. 


Figure 3 Scheme-1 with simultaneous signaling of TA command and T_delta (Operation-1)
· Operation-1: To estimate the one-way propagation delay as , and to apply the TAC to update TA after the estimation. In a word, although T_delta and TA are delivered at the same time, the IAB node treats them as if the TA command was received a bit later than T_delta reception. 
· Operation-2: To estimate the one-way propagation delay as , which is the same as in Operation-1. The difference from Operation-1 is that the Operation-2 applies the TAC before the one-way propagation delay estimation.   
Observation-1: In scheme 1, when the N)mf a                                                          (consistency between T_delta and TA is maintained, the IAB node DL-Tx timing can align to that of parent node, with an error subject to T_delta granularity. 
Observation-2: In scheme 1, if the consistency between T_delta and TA is not maintained, the IAB node DL-Tx timing synchronization error is dominated by both TA command granularity and gradual TA adjustment error that can be as large as .
Observation-3: In order to keep the DL-Tx timing synchronization error in scheme 1 as small as possible, RAN1 may assume that T_delta signaling should be sent as frequently as TA command. 
· The above RAN1 assumption can be relaxed subject to further RAN4 requirements and/or additional RAN1 agreement. One example is to restrict the propagation delay estimation being triggered only by the T_delta reception. 

Scheme 2 (The reference/target T_delta is signaled to IAB node)
In scheme 2,   is signaled to IAB node very infrequently, theoretically even once forever. In addition, the value of   can be selected in such a way that its quantization error  is zero, e.g.,  is chosen to be integer multiple of quantization step. Denote the following time instances:
· : the time instance when IAB node retrieves the “current” interval between DL-Rx and UL-Tx; 
· : the time instance when the IAB node derives the DL-Tx timing based on received target T_delta, local TA (corresponding to time ) and DL-Rx timing (corresponding to time ). In general, .


Figure 4 Node coordination based on target/reference T_delta (scheme 2)
Similar to analysis for scheme 1, the TA interval on IAB node side can be either reference TA interval (namely scheme 2-1) or actual TA interval (namely scheme 2-2).
· If reference TA interval is used (scheme 2-1), the one-way propagation delay is estimated as
Because there is no TA adjustment between last TA adjustmentand , .
The IAB node DL Tx timing is calculate at time  as 

· If actual TA interval is used (scheme 2-2), the one way propagation delay is estimated as
Because there is no TA adjustment between last TA adjustmentand ,  and . The IAB node DL Tx timing is calculate at time  as 

Assume: 
a) DL and UL has the same channel delay profile at any given time, i.e., ;
b) In scheme 2-1, though not controllable,  is measurable by IAB node. Therefore its effect to  can be compensated back by IAB implementation. 
Therefore, both scheme 2-1 and scheme 2-2 can have , where  is the difference between target T_delta and actual T_delta at parent node when the IAB node derives its DL-Tx timing based on DL-Rx timing. 
This error of may not be further derivable because the parent node does not know when is , and neither does the IAB node know  at a specific time .  However, the upper-bound (denoted as ) for  for any t could be analyzed. The necessary condition for this inequality is that,  for any ta and tb, which is further equivalent to  for any ta and tb. It can be seen that this necessary condition cannot be met if is smaller than the level of combination of TA command granularity and gradual UL-Tx timing adjustment error. In other words, scheme-2 can only ensure the DL-Tx timing synchronization error to be bounded by a combined effect of TA command granularity and gradual UL-Tx timing adjustment error. According to current RAN4 specification on gradual UL Tx timing adjustment error () and its technical background (i.e.,  maybe established to allow multiple choices of hardware implementation), it could be difficult for RAN4 to further reduce  to a smaller value.
Observation-4: There is no inconsistency issue that needs to be solved in scheme 2. 
Observation-5: In scheme 2, the IAB node DL-Tx timing synchronization error is dominated by the gap between target T_delta and actual T_delta, which is resulted from TA command granularity and gradual UL-Tx timing adjustment error.
· The gradual UL-Tx timing adjustment error is implementation dependent and therefore change of its RAN4 requirement maybe difficult. 
Even if RAN4 is able to reduce the TA command granularity as well as to define a more aggressive requirement () for gradual UL Tx timing adjustment error, according to observation-2, the DL-Tx timing synchronization error for scheme 1 can be on the similar level (i.e., determined by TA granularity and Te), without maintaining consistency between TA and T_delta. This means the best accuracy by scheme-2 is on the similar level as by scheme-1 even when the scheme-1 does not have T_delta to be sent as frequently as TA command. 
The TA granularity, Te ,  and T_delta granularity for different SCS are listed below for reference. 
	Frequency Range
	SCS of SSB signals (KHz)
	SCS of uplink signals s(KHz)
	TA granularity
	Te
	
	T_delta granularity

	1
	15
	15
	16*64*Tc
	12*64*Tc
	5.5*64*Tc
	64*Tc

	
	
	30
	8*64*Tc
	10*64*Tc
	
	

	
	
	60
	4*64*Tc
	10*64*Tc
	
	

	
	30
	15
	16*64*Tc
	8*64*Tc
	
	

	
	
	30
	8*64*Tc
	8*64*Tc
	
	

	
	
	60
	4*64*Tc
	7*64*Tc
	
	

	2
	120
	60
	4*64*Tc
	3.5*64*Tc
	2.5*64*Tc
	32*Tc

	
	
	120
	2*64*Tc
	3.5*64*Tc
	
	

	
	240
	60
	4*64*Tc
	3*64*Tc
	
	

	
	
	120
	2*64*Tc
	3*64*Tc
	
	


Table 1 TA/T_delta granularity and Te
Observation-6: For performance comparison between scheme 1 and scheme 2, 
· When the consistency condition in scheme 1 is not met, including the case where T_delta indication is not sent as frequently as TA command, the DL-Tx synchronization errors in two schemes are similar. 
· When the consistency condition in scheme 1 is met, which may keep T_delta indication in scheme 1 being sent as frequently as TA command, the DL-Tx synchronization error in scheme 1 is smaller than in scheme 2. 
The above analysis also shows that whether the IAB node chooses reference TA interval or actual TA interval to calculate (TA/2+T_delta) is not important in both scheme 1 and scheme 2. However, the averaging of TA interval in [average(TA)/2+T_delta] could leave an additive term, which is , in the final DL-Tx timing error formulation, and there is no guarantee this term can be zero after a certain specific TA adjustment and/or in a certain specific estimation of one-way propagation delay.  
Observation-7: For both scheme 1 and scheme 2, it does not matter much for IAB node to use either reference TA interval or actual TA interval to calculate (TA/2+T_delta). The choice can be an implementation issue. 
Observation-8: In both scheme 1 and scheme 2, to average TA interval before applying it to (TA/2+T_delta) can introduce additional non-zero component into the DL-Tx timing synchronization error.
Company inputs
There are 11 companies joining the email discussion and contributing their views, including Nokia, Sharp, Ericsson, ZTE/Sanechips, Qualcomm, Huawei, NTT DOCOMO, Intel, Samsung and LGE. Their views are categorized as following. 
P1: Please share views on the analysis and observations {1,2,3,7} for scheme 1. 
	Company
	Comments on scheme-1 analysis and observations {1,2,3,7}

	Nokia
	Observation 1: OK
Observation 2: Isn’t this irrelevant assuming that the consistence should be assumed.
Observation 3: OK. 
Other observations: please check the comments on analysis as most of the observations are depended on them.

	Sharp
	Observation 1: OK
Observation 2: Yes, but likewise TA seems to be sufficient in at least scheme 1

	Ericsson
	Observation 1: We agree
Observation 2: We agree
Observation 3: True in principle. But the fundamental characteristics of when to provide T_delta is that T_delta needs to be provided to the child node when the offset between DL Tx and UL Rx at the parent node has changed beyond a certain level. Whether this happens every time TA is updated depends on e.g. the TA granularity, what error in the propagation-time estimate is required (which in turn depends on the number of hops), etc.

Observation 7: We agree, if an IAB can know its e_TA. Since we do not have measurement requirements on the actual T_delta (despite the specified error terms in Rel-15), it does not matter anyway which term to use.

	ZTE, Sanechips
	Observation 1: After further understanding autonomous UL-Tx timing adjustment specified in RAN4 spec TS38.133, it seems that, even between two consecutive TA adjustments,  could still be generally time-varying due to autonomous UL-Tx timing adjustment. Additionally, in the current case-1 timing framework, the IAB node is not assumed to be able to know the moment (i.e., ) when the parent node measures T_delta. Therefore, 
· In scheme 1-1, the error term  may not be known to IAB node and therefore may not be fully compensated in final DL-Tx adjustment. According to 38.133, , where  is defined in Table 7.1.2-1 of 38.133.  
· In scheme 1-2,  may not be equal to  and meanwhile may not be known to IAB node, so the error term  may not be a term exactly known to IAB node. According to 38.133,  as long as , where  is defined in Table 7.1.2.1-1 of 38.133.
Therefore, in our view, if we take into account the autonomous UL-Tx timing adjustment defined in RAN4, maybe it is more accurate to describe Observation 1 as following:
Observation-1: In scheme 1, when the N)mf a                                                          (consistency between T_delta and TA is maintained, the IAB node DL-Tx timing can align to that of parent node, with an error subject to T_delta granularity and gradual TA adjustment requirements (or ).  
[bookmark: _GoBack]Observation 2: OK.
Observation 3: OK.
Observation 7: This observation is OK from DL-Tx timing accuracy point of view (if people can think the difference between error bounds  and  is rather small). But the scheme 1-1 and scheme 1-2 can have key difference in case of multi-parent scenario. TS38.133 says following: 
When the transmission timing error between the UE and the reference timing exceeds Te then the UE is required to adjust its timing to within Te. The reference timing shall be [image: ] before the downlink timing of the reference cell.
It is clearly mentioned that the reference TA, when in use, is linked to DL-Rx timing of reference cell, instead of DL-Rx timing of serving cell. If scheme 1-1 (using reference TA) is applied to estimate the one-way propagation delay associated with a serving cell but not a reference cell, the estimation logic itself may encounter an unfortunate fact that the DL propagation delay is between IAB node and reference cell/parent, while the UL propagation delay is between IAB node and serving cell/parent. Scheme 1-2 (using actual TA) does not have such issue. However, despite of this difference, the choice between scheme 1-1 and scheme 1-2 seems still an implementation issue. 

	Qualcomm
	Observation 1: Mostly agree. The effect of autonomous timing adjustment could be avoided or at least mitigated by implementation, e.g. ensuring such error has zero mean (allowing mitigation via low pass filtering) and/or minimizing the magnitude of the error, which is in the IAB node’s interest to do in order to improve the accuracy of its own DL Tx timing.
Observation 2: Not having consistency between TA and T_delta would defeat the purpose of scheme 1, hence we tend to agree with Nokia on the fact this may not be very relevant, also considering that the scenario of such inconsistency would need to be defined more precisely in order to define what would be the impact on the propagation delay estimation. 
Observation 3: Agree.
Observation 7: Agree with the intent of the original observation which is to compare the use of the reference TA vs. the actual TA. The difference eTA(t) at a given time t is assumed to be known at the IAB node.

	Huawei
	Observation 1: Okay. 
Observation 2: At least for Rel-16, the consistency between T_delta and TA can be ensured.
Observation 3: We are bit sceptical that the signalling of T_delta needs to be as frequency as TA. Given the signalling of T_delta can be controlled by the parent node, the parent node can choose  to send T_delta whenever the UL timing is relatively stable hence it is not observious that T_delta needs to be send as frequent as TA.
Observation 7: Yes since this is essentially an implementation choice and may not be tested in RAN4. 

	NTT DOCOMO
	Observation 1: Agree. 
Observation 2: Agree. 
Observation 3: The DL-Tx timing may not be changed frequently, and may not be changed dramatically. (As an example, when a propagation path is changed, a propagation delay time is also changed and it brings necessity on the update of TA. On the other hand, although the TA needs to be changed, a reception timing of DL signal at a child IAB node MT is also changed. Anyway, DL Tx timing of the child IAB node DU should be kept in this case. In fact, changing propagation path is not directly related to the DL Tx timing.) Thus frequently T_delta signalling may not help the DL-Tx timing error smaller.
Observation 7 : Fine.

	Intel
	Observation 1: Agree.
Observation 2: Agree.
Observation 3: Agree in general. T_delta can be send at least as frequent as TA command. For Scheme 1-2 where actual TA is used, T_delta may be sent more frequent than TA command. This could help to improve time estimation accuracy of Scheme 1-2. On when to trigger propagation delay estimation, we prefer to leave it for implementation.    
Observation 7: Agree. 

	Samsung
	Observation 1: OK
Observation 2: OK
Observation 3: OK. Anyway, how frequently T_delta will be signalled is up to a parent node.
Observation 7: Agree with the choice is fully implementation issue.

	LGE
	Observation 1: Ok 
Observation 2: Ok
Observation 3: Similar view with Ericsson and Huawei that update of T_delta to child node may not be needed as frequently as TA, because T_delta value is intended to account for factors such as offset between DL Tx and UL Rx at parent including DL/UL switching time, HW impairment, etc. 
Observation 7: It is true only if both parent and child IAB node know the difference (e_TA). But, it is not practical for parent node to know e_TA.



Summary of P1: 
For Observation 1: Most of companies are ok with Observation 1. Specifically, one company (Qualcomm) believes the effect of autonomous UL-Tx timing adjustment could be either avoided or mitigated by implementation. On the other hand, one company (ZTE) thinks the observation 1 could be more accurate if the autonomous UL-Tx timing adjustment is fully taken into account. 
For Observation 2: Seven companies (Sharp, Ericsson, ZTE, NTT DOCOMO, Intel, Samsung, LGE) are ok with Observation 2 while three companies (Nokia, Qualcomm, Huawei) think the inconsistency between TA and T_delta is irrelevant to scheme-1. 
For Observation 3: Five companies (Nokia, ZTE, Qualcomm, Intel, Samsung) believe that T_delta can be sent as frequently as TA in order to minimize error in one-way propagation delay estimation. Three companies (Ericsson, Huawei, LGE) think T_delta is not necessarily sent as frequently as TA, as long as the offset between UL-Rx and DL-Tx at parent node is relatively stable. One company (NTT DOCOMO) thinks that sending T_delta frequently may not help to reduce the DL-Tx timing error, even though doing such would never downgrade DL-Tx timing accuracy.   
For Observation 7 relating to scheme 1: Six companies (Ericsson, Qualcomm, Huawei, NTT DOCOMO, Intel, Samsung) agree with the observation. One company (ZTE) agrees with the observation from performance perspective, and points out one difference between using reference TA and using actual TA in multi-parent scenario. One company (LGE) has the opposite view based on a reasoning that the equivalence between using reference TA and using actual TA requires the knowledge of e_TA on both sides of parent node and IAB node, which is not feasible in practice. 

P2: Please share views on the analysis and observations {4,5,7} for scheme 2. 
	Company
	Comments on scheme-2 analysis and observations {4,5,7}

	Ericsson
	Observation 4: We agree, but comes with permanently having a e_T_delta error term, especially in case of two child nodes
Observation 5: We agree
Observation 7: See comment on Observation 7 in P1.

	ZTE, Sanechips
	Observation 4: OK
Observation 5: OK
Observation 7: Similar to our comments in P1, scheme 2-1 (using reference TA) may have an incompatibility issue between DL one-way propagation delay (associated with reference cell/parent) and UL one-way propagation delay (associated with serving cell/parent but not reference cell/parent) in a multi-parent scenario. Scheme 2-2 does not seem to have such issue. The choice between scheme 2-1 and scheme 2-2 can be on implementation basis.   

	Qualcomm
	Observation 4: Agree with the intent of the observation. Technically there could be transient conditions if the reference T_delta needs to change over time (implementation choice), that would require the consistency with TA to be addressed in order to avoid a glitch in propagation delay estimation at the children nodes.
Observation 5: Agree. Although practically in a reasonable implementation the gap between the target T_delta and the actual T_delta is likely to be maintained within the TA command granularity by the UL Rx timing control loop, unless the child node deliberately maintains a bias in its Tx timing with respect to the reference TA, instead of trying to minimize the difference as quickly as allowed, which is, as noted in the comments on observation 1 in P1, in the IAB node’s best interest. 
Observation 7: see related comments in P1.

	Huawei
	Observation 4: Okay.
Observation 5: Okay.
Observation 7: See our reply above in P1.

	NTT DOCOMO
	Observation 4: Agree.
Observation 5: Agree.

	Intel
	Agrees with Observations 4 and 5. 

	Samsung
	Observation 4: OK
Observation 5: OK
Observation 7: See our comment in P1.

	LGE
	Observation 4: Ok 
Observation 5: Ok
Observation 7: See our reply above in P1.



Summary of P2: 
For Observation 4: Most of companies are ok with Observation 4. Additionally, one company (Qualcomm) raised a specific practice case where even the reference T_delta can be changed, which seems to make the context of scheme-2 as a special case of context of scheme-1. 
For Observation 5: All companies showing opinions are ok with Observation 5. 
For Observation 7 relating to scheme 2: Similar to P1, five companies (Ericsson, Qualcomm, Huawei, Intel, Samsung) agree with the observation. One company (ZTE) agrees with the observation from performance perspective, and points out one difference between using reference TA and using actual TA in multi-parent scenario. One company (LGE) has the opposite view based on a reasoning that the equivalence between using reference TA and using actual TA requires the knowledge of e_TA on both sides of parent node and IAB node, which is not feasible in practice.

P3: Please share views on the comparison between scheme-1 and scheme-2, including observation 6 as well as any comparison aspects not mentioned in section 2. 
	Company
	Comments on observation 6 and any other comparison aspects

	Ericsson
	In principle we agree but, as stated in P1 above, we do not think that in scheme-1 T_delta has to be transmitted for each TA command, resulting in T_delta not having the same update frequency as TA.

	ZTE, Sanechips
	Even though the DL-Tx timing error in scheme-1 can become a bit larger than what the analysis shows due to autonomous UL-Tx timing adjustment (please refer to our comments in P1), it is still smaller than DL-Tx timing error in scheme-2 if the consistency condition in scheme 1 is met.
In addition, comparing to the scheme-1, the scheme-2 seems less compatible with the following RAN1/RAN4 agreements/progress: 
1). RAN1 #96 agreement says “The child IAB node should trigger its DL TX timing adjustment by TA/2 + T_delta after it receives the timing offset T_delta indication from its parent node”; while scheme-2 is motivated by the T_delta notification that is sent much less frequently, even theoretically once forever, and leave TA command to trigger DL-Tx timing adjustment.    
2). RAN1 #96bis agreement says “In order to align the DL TX timing of the IAB node with the DL TX timing of the parent node by ….., T_delta should be set to the (-1/2) of time interval at the parent node between the start of UL RX frame i for the IAB node and the start of DL TX frame i”, where no hint is given T_delta can be something other than “actual value”. 
3). RAN4 already made efforts to agree upon T_delta granularity which is finer than TA granularity. However, scheme-2 does not really require a finer T_delta granularity and its DL-Tx timing accuracy performance may instead relate to TA granularity. 

	Qualcomm
	Observation 6: For the reason mentioned in the comments to Observation 2 in P1, the first bullet does not seem very relevant, as the behaviour of scheme 1 without consistency between TA and T_delta  is not even well defined. As far as the second bullet, we agree in the context of a single update. Assuming the one-way propagation delay is constant over multiple TA updates, there may be ways to reduce the quantization error, which may make the advantage of scheme 1 over scheme 2 not so relevant from a practical point of view (i.e. if the error with scheme 2 can be made significantly small with respect to the desired synchronization requirement, making it even smaller has very little practical benefit).
Our view of the intent of the RAN1 #96 agreement “The child IAB node should trigger its DL TX timing adjustment by TA/2 + T_delta after it receives the timing offset T_delta indication from its parent node” is that an IAB node cannot adjust is DL Tx timing based on OTA synchronization prior to having received an explicit T_delta value. Hence this agreement does not imply that the DL Tx timing estimate cannot be updated upon reception of a TA command if a valid T_delta (consistent with the TA update) is already available.
Our view of the RAN1 #96bis agreement “In order to align the DL TX timing of the IAB node with the DL TX timing of the parent node by ….., T_delta should be set to the (-1/2) of time interval at the parent node between the start of UL RX frame i for the IAB node and the start of DL TX frame i” is that it was meant to provide guidance on what T_delta represents, as opposed to be something that will be strictly mandated in the specs. Hence we don’t think that using a target value vs. an instantaneous value at a given time t is a significant departure from this agreement.
In our view the fact that RAN4 has defined a finer granularity for T_delta as compared to TA does not strictly imply a decision on scheme 1 vs. scheme 2.  

	Huawei
	We are basically fine but we are not sure whether the signaling of T_delta has to be as frequency as TA as explained in P1.

	NTT DOCOMO
	As in P1, frequently T_delta signalling may not help the DL-Tx timing error smaller in scheme 1.

	Intel
	We agree with Observation 6 in general. Scheme 1 gives a way to minimize timing error. Scheme 2 would subject to higher timing error. 

	Samsung
	OK. As commented in P1, in our view, how frequently T_delta will be signalled is up to a parent node.

	LGE
	For scheme 1 as stated in P1, we are not sure that update of T_delta to child node may be needed as frequently as TA. 
In our view, rather to distinguish scheme 1 and 2 based on the T_delta, i.e., actual TA or reference (target) TA, we need to first decide how to calculate/estimate T_delta. Since T_delta is defined as (-1/2)T_gap where T_gap =(DL Tx timing- UL Rx timing), the T_delta at parent node can be estimated by using either instantaneous estimate of –T_gap/2 or average estimate of –T_gap/2. In order to minimize jitter, we prefer average estimate of –T_gap/2. 



Summary of P3: 
For Observation 6: Although three companies (ZTE, Intel, Samsung) are ok with Observation 6, other companies in general have different views on some observation details, such as whether it is relevant to include inconsistency between TA and T_delta and whether the observation necessarily has a logic connection to how frequently T_delta is sent. But most of companies (except NTT DOCOMO) show no concern to this observation: The scheme-1 can reach smaller DL-Tx synchronization error than scheme-2.  In addition, companies do not have agreeable views regarding to whether the scheme-2 is less compatible to existing RAN1/RAN4 agreements compared to scheme-1. One company (LGE) suggests to discuss and decide how to determine T_delta.  

P4: Please share views on the operation of TA averaging, including observation 8. 
	Company
	Comments on TA averaging as well as observation 8

	Ericsson
	It is not clear to us how averaging should work. In principle, average(N_TA) can result in finer effective TA granularity. It is difficult to judge without a averaging reference method.

	ZTE, Sanechips
	We did not see the benefits for TA averaging in both scheme-1 and scheme-2. TA averaging was proposed to relax consistency requirement in scheme-1, i.e., to relax the requirement in sending T_delta as frequently as TA command in scheme 1. But its resulted DL-Tx timing synchronization error remains at the same level as in scheme-1 that fails to satisfy TA-T_delta consistency. Then why not directly use the scheme-1 without taking any consistency steps?  

	Qualcomm
	Observation 8: some more validation is required. It is expected that, if the quantity to estimate (i.e. one-way propagation delay) is constant over multiple estimation cycles, some low pass filtering of the multiple estimates can lower the estimation error.

	Huawei
	Following the existing procedure, the parent node will send an initial TA value to IAB node MT in Msg2, while this initial TA value is just a rough estimate due to the limited bandwidth of SSB and PRACH. The initial TA will be further refined by the wideband TRS or SRS after initial access, so that the uplink signal of IAB node MT is well aligned with the parent node DU’s reception window. After getting a stable TA, the parent node can send T_delta to the IAB node. Then, the IAB node set the DU transmission timing accordingly. Therefore, it is straightforward that TA is the timing advance that is maintained by the IAB node MT when receiving T_delta.  On the other hand, it may not be suitable to use multiple timing advance intervals (e.g., TA1, TA2, TA3…) to derive the DL timing. Before the uplink signal of MT is well aligned with the the parent node DU’s reception window, the TA intervals of MT are inaccurate, and the averaging can only deteriorate the performance of synchronization.

	NTT DOCOMO
	A simple averaged TA value is not appropriate for configuring the DL Tx timing at DU, since the DL Rx timing at MT for every TAC timings shall be considered. Thus the TA and T_delta should be used for the calculation of (TA/2 + T_delta), and whether averaging TA with considering DL Rx timing at MT for every TAC timing or not is left for implementation.

	Intel 
	Averaging may help to increase TA granularity. However, it could cause error propagation. 

	LGE
	As Qualcomm mentioned, it is expected that average operation may provide the benefit from averaging out the fluctuation of instantaneous value. 
Regarding Observation 8, it seems a bit misleading the discussion since the error term with square bracket [ ] below is based on the calculation of instantaneous value. 
TA(t)/2+ T_delta(t) = avg(TA(t)/2) + avg(T_delta(t)) + [TA(t)/2 – avg(TA(t)/2) +T_delta(t) – avg(T_delta(t))]
The purpose of average operation is deriving Avg(T_propagation(t)) or Avg(T_DL_Tx(t)) not deriving instantaneous T_propagation(t) or T_DL_Tx(t). 



Summary of P4: 
For Observation 8: Two companies (ZTE, Huawei) question the fundamental principle/benefit of TA averaging, and two companies (Ericsson, Qualcomm) do not think the current information about TA averaging is sufficient for RAN1 to make further decision. One company (NTT DOCOMO) thinks whether TA averaging should be done is an implementation issue, and if the IAB node decides to do so, the TA averaging should be in an appropriate formulation (e.g., by taking into account the DL-Rx timing). Intel thinks the TA averaging may cause error propagation. The comments from two companies (Qualcomm, LGE) seem to focus on average(one-way-delay) or average(DL-Tx timing), rather than on average(TA).  
  
P5: Please share views on how to proceed with two schemes. 
	Company
	Comments on how to proceed, e.g., support certain one scheme or both, use MAC-CE or RRC to deliver T_delta, etc

	Ericsson
	We support using RRC signalling to deliver T_delta. RRC has higher reliability and security. An increased signalling delay relative to MAC CE is justified in stationary IAB scenarios. It is up to the parent node to ensure consistency between TA and T_delta by control of TA signalling occurrences.
Using Scheme 1-2 (actual T_delta and actual TA interval) seems to perform best and deal best with node internal timing deviations.

	ZTE, Sanechips
	In order to keep the existing agreements on the table and meanwhile to make compromising progress, we can accept a solution that can potentially support both scheme 1 and scheme 2. The choice between the two schemes is an implementation issue in parent node. The solution is outlined as following: 
· On parent node side, there is no restriction at least per RAN1 spec wise on how the parent node interprets T_delta and how frequently the parent sends T_delta to each child node. (Note: This is existing RAN1 agreement.)
· On the IAB node side, 
· The estimation of one-way propagation delay is triggered by T_delta reception (Note: This is existing RAN1 agreement). 
· The IAB node can be configured to use TA command reception to additionally trigger one-way propagation delay estimation; otherwise, the estimation of one-way propagation delay is triggered ONLY by T_delta reception (Note: This is new proposal that can be agreed in either Rel-16 or next IAB release). 
As for the reduction of TA granularity, it is certainly one way to improve the DL-Tx timing accuracy in scheme-2 as well as in scheme-1 when scheme-1 does not meet consistency condition. However, on one hand TA granularity is defined in RAN1 spec instead of RAN4 spec, but on the other hand whether it is feasible to make the TA granularity as small as T_delta granularity should be evaluated by RAN4, given almost all timing error requirements (such as Te, Tp, Tq and timing advance error) defined in 38.133 for existing TA adjustment procedure are no smaller than T_delta granularity. RAN1 may not have enough time to coordinate with RAN4 to complete TA granularity enhancement in Rel-16 time frame.
As for the signalling to carry T_delta, we prefer MAC-CE, which can support both scheme 1 and scheme 2 to their best capability in terms of DL-Tx timing accuracy. Using RRC signalling at least downgrades the DL-Tx timing accuracy in scheme-1 due to its difficulty in satisfying consistency condition (because TA and T_delta stay in different protocol stacks in this case).        

	Qualcomm
	Our recommendation for Rel-16 is to allow an IAB node to decide when to update T_delta with the only constraint that, at any given time, it needs to be ensured that the computation of the one-way propagation delay with the latest available TA and T_delta at the children nodes yields a valid propagation delay estimate, meaning that such estimate is accurate except for the identified error components which cannot be avoided. We think that, coupled with a sensible and reasonable implementation, this framework provides sufficient support for using OTA synchronization in IAB as a viable method to meet the currently assumed synchronization requirements, assumed to be the  same as Rel-15 synchronization requirements.
As far as T_delta signalling, our view is that RAN1 should focus on requirements for the signalling of this parameter so that RAN2 can make an informed decision. Such requirements may include reliability, coherence with TA, signalling frequency, etc. 

	Huawei
	As long as the setting of T_delta is under the control by the parent node, the consistency can be well guaranteed by the parent node, i.e. the parent node can send the T_delta value in case the UL transmit timing is relatively stable. On the other hand, it is questionable that a parent node needs to send T_delta in a frequency manner since the DL Tx timing for the child node should not be changed very often. From the IAB node MT perspective, it can assume that the latest T_delta is used for the DL Tx timing synchronization. For the TA, the current TA maintained at the IAB node MT can be used to derive the propagation delay between the parent node and the IAB node. 

	NTT DOCOMO
	T_delta is derived from the switching time between DL Tx and UL Rx at a parent node, so that T_delta may not be updated frequently, and simultaneous update for TA and T_delta may not be necessary. In that sense, both MAC CE and RRC signalling can be used for the signalling of T_delta. On the other hand, CU doesn’t have to coordinate T_delta which is a parameter between a parent node and an IAB node. Therefore, it may be straightforward to use MAC CE for the signalling of T_delta, as well as TAC.

	Intel
	We support Scheme 1 with either actual or reference TA. MAC CE can be used for T_delta signalling. 

	Samsung
	Scheme 1 is little bit preferred due to observation 6 although whether a choice between scheme 1 and 2 can be implementation. Regarding signalling, we believe MAC CE signalling is more aligned with RAN1 agreements we made so far.

	LGE
	 As we mentioned in P1, we think that update of T_delta to child node may not be needed as frequently as TA. So, RRC signalling is preferred. Then, there might be consistency issues between T_delta and TA. To resolve this issue, we prefer to have average operation at both parent node and childe node. Parent node will send average estimate of T_delta to child node. Then, child node will estimate DL Tx timing as avg(TA/2) + T_delta (average estimate value at parent node) where avg(TA/2) is average value of instantaneous TA samples at child node.  



Summary of P5: 
It seems that no company would walk away from scheme-1. The question is just about whether RAN1 should assume in Rel-16 a use case in which T_delta should be sent as frequently as TA, which has been the argument in scheme-1 only.  Note that sending T_delta less frequently than TA is always a separate use case.  
 As for the signalling to carry T_delta, the views do not converge. 
· Two companies (Ericsson, LGE) supports using RRC, based on the reasons including better reliability/security as well as the assumption that Rel-16 IAB focuses on stationary scenario. 
· Four companies (ZTE, NTT DOCOMO, Intel, Samsung) supports using MAC-CE, based on the reasons of allowing better synchronization accuracy performance and keeping T_delta and TA command in the same protocol stack.  
· One company (Qualcomm) suggests to leave signalling decision to RAN2, with assistant information provided from RAN1. 

P6: Please share views on any other aspects in deriving DL-Tx timing based on TA and T_delta
	Company
	Comments on aspects in DL-Tx timing derivation that are not covered in P1~P5. 
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