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1. Introduction
In RAN4 82bis, a way forward [1] on RRM requirements for sTTI was approved where it was agreed to investigate whether the following requirements are impacted by sTTI. In this contribution, we provide our views on the highlighted requirements.
	Clause
	Impacted Requirement
	Notes

	7.1.2
	S-PUCCH and S-PUSCH transmission timing requirements
	Assuption is that PUCCH and PUSCH requirements can be reused

	7.3.2.1
	TA adjustment delay for reduced processing time with 1ms TTI and sTTI.
	Decision on whether to modify requirement expected at RAN4#83. 

	7.7
	SCell activation and deactivation delay
	Decision on whether to modify requirement expected at RAN4#83. Interested companies are invited to analyse possible SCell activation and deactivation delay.

	9.1.8
	Power headroom
	Assumption is that PHR estimation period shall be 1 TTI or sTTI and that PHR mapping does not need to be updated

	8.1.2.2.3.1,

8.1.2.2.4.1,

8.1.2.3.5.1,

8.1.2.3.6.1
	Identification of a new CGI of E-UTRA cell with autonomous gaps


	 Decision expected in RAN4#83.

	7.16.3
	Interruptions with ProSe
	Decision expected at RAN4#83

	8.x
	Measurement reporting delay
	Change/clarify delay uncertainty 2 x TTIDCCH where TTIDCCH is the TTI or sTTI in use for the uplink. Agreeble in principle, exact wording for CR to be decided by RAN4#83.

	7.9
	Maximum Transmission Timing Difference in Carrier Aggregation
	Investgate possible power control issues due to time difference between pTAG and sTAG being a larger proportion of an sTTI

	7.9
	Maximum Receive Timing Difference in Carrier Aggregation
	Large MRTD and large TA reduces available prcessing time for 1UL SCell HARQ feedback. Some clarification may be needed on the relationship between MRTD and max TA, eg that max TA cannot be used simultaneousuly with MRTD. Discuss after RAN1 progresses with max TA.


2. Discussion
2.1. TA adjustment delay
Per Clause 7.3.2.1, the following requirement applies to UEs with legacy (1ms) TTI

“UE shall adjust the timing of its uplink transmission timing at sub-frame n+6 for a timing advance command received in sub-frame n.”
In [2,3], argument is presented in favor of reducing the TA application delay if the PDSCH corresponding to the TA command is sent through sPDSCH or is supposed to be processed with shortened processing time. The basis of these arguments is that since the sPDSCH/PDSCH corresponding to the TA command can be processed in a shorter period, the TA application delay also should be reduced. However, the arguments overlook the following: fundamentally, the TA adjustment delay needs to be reduced only if the timing at the UE is changing rapidly, i.e., if the UE is moving at a very high speed such that the TA value provided in the TA command will become stale if not applied soon enough. However, that is not the case with UE supporting sTTI or shortened processing time. UE supporting sTTI or shortened processing time are not expected to start moving faster than legacy UEs. Hence, retaining the same TA adjustment delay as legacy UEs, i.e., TA adjustment delay of 5ms after the sPDSCH/PDSCH corresponding to the TA command has been received at the UE is reasonable. 
Proposal 1a: The TA adjustment delay for UEs supporting sTTI and shortened processing is no less than the TA adjustment delay for legacy UEs.

An alternate way of stating the above proposal is 

Proposal 1b: UEs configured with sTTI and shortened processing time, shall adjust the uplink transmission timing in the first TTI that appears 5ms after the sPDSCH/PDSCH corresponding to the TA command has been received.

2.2. SCell activation delay

Legacy requirements for SCell activation delay is  n+24 for known SCells and n+34 for unknown SCells. With shortened processing time, the time to process the activation command is reduced by 1ms. However, the time required to warm-up the frequency and time tracking loops does not change because the CRS density does not change. Hence at most a reduction of 1ms is feasible with shortened processing time. This reduction is insignificant and hence we propose that the SCell activation delay is not modified.
Proposal 2: No need to modify the SCell activation delay for shortened processing time or sTTI
2.3. ACK/NACK requirements during identification of CGI 
UEs following legacy processing timeline must follow ACK/NACK requirements when CGI reading is done with autonomous gaps. For instance, for FDD UEs, the following requirements apply [4]
“Within the time, 
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, over which the UE identifies the new CGI of E-UTRA cell, the UE shall transmit at least 60 ACK/NACKs on PCell or each of activated SCell(s), provided that:

-
there is continuous DL data allocation,

-
no DRX and no eDRX_CONN cycle is used,

-
no measurement gaps are configured, 
-
only one code word is transmitted in each subframe,

-
no MBSFN subframes are configured in the PCell or each of activated SCell(s). ”

where 
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= 150ms.

An alternate way of interpreting the above requirement is that if UE takes 15 frames to read CGI, then under continuous scheduling UE should be able to transmit 4 ACK/NACKs every frame while it reads CGI, which is equivalent of allowing the UE an autonomous (continuous) gap of 3ms every frame (3 ACK/NACK are lost during the gap and 3 PDSCH are lost during the gap).
A UE capable of shortened processing time and sTTI should also be allowed the same duration/number of autonomous gaps for CGI reading. For UEs supporting shortened processing time, the same number of ACK/NACKs are lost as UE supporting only legacy processing time and hence the minimum number of ACK/NACKs required to be transmitted during CGI reading duration remains unchanged. For UEs supporting sTTI, the number of ACK/NACKs lost due to one autonomous gap of 3ms will depend on the sTTI length and processing delay. Accordingly, it is feasible to compute the minimum number of ACK/NACKs to be transmitted during the CGI reading duration. Since a UE supporting sTTI must also support legacy TTI, a comprehensive requirement will mean both, the minimum number of ACK/NACKs of legacy TTI and minimum number of ACK/NACKs of sTTI, as a tuple is specified. However, our view is that such complicated requirements do not serve any special purpose because eventually all they are implicitly testing is that UE’s autonomous gaps are no longer than 3ms every frame. A UE fulfilling the existing requirements for legacy TTI (Section 8.1.2.2.3-4, 8.1.2.3.5-8 of 36.133) already fulfils the implicit requirement that autonomous gaps are no longer than 3ms. Hence we don’t need to specify additional requirements for UE’s supporting sTTI. A note can be added in the existing ‘ACK/NACK requirements during CGI reading’ that the ACK/NACK correspond to UE following legacy TTI processing.
Proposal 3: No need to specify additional ACK/NACK requirements during identification of CGI for UEs supporting sTTI and/or shortened processing time. A note can be added in the current CGI reading requirements in Section 8.1.2.2.3-4, 8.1.2.3.5-8 of 36.133, that the ACK/NACKs correspond to legacy TTI processing.
2.4. MRTD in Carrier Aggregation 

In RAN4 82bis, we presented analysis showing that MRTD in carrier aggregation impacts the worst case available processing time in some scenarios, for instance if HARQ ACK/NACK feedback of SCell Downlink is carried in PCell Uplink. We reproduce the same analysis here below:

Consider the scenario where two carrier components are available in DL while only one CC is available in uplink, as shown in Figure 1. In such a scenario, the UL carrier will carry HARQ ACK/NACK for both PCell and SCell. The uplink transmission time can be ahead of PCell downlink reception time by the amount of timing advance (TA). The available processing time (say for HARQ ACK/NACK feedback) reduces by the amount of timing advance applied. Further, PCell and SCell downlink reception can be misaligned due to receive time difference (RTD) between the two carrier components. In the worst case, SCell downlink maybe lagging PCell downlink by an amount of MRTD. Thus, if there a DL grant on sTTI number N on SCell and UE is following an N+k HARQ feedback processing timeline, then it has a total of ((k-1)*sTTI_length – TA – MRTD s) available for processing the DL grant on SCell. For legacy TTI, deployments with intra-band non-contiguous and inter-band non-contiguous CA can have an MRTD of upto 30.26 s [4]. If the same MRTD requirements are applied to sTTI & reduced processing time, then it can substantially impact the available processing time.
Observation 1: MRTD impacts the worst case available processing time in some scenarios. For instance, when the HARQ ACK/NACK feedback of SCell in carried in PCell uplink.
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Figure1. Example scenario of 2CC in Downlink and one CC in uplink, assuming n+k HARQ processing time. Each block indicates an sTTI
The decision on maximum allowed TA has not concluded in RAN1. However, whatever maximum allowed value of TA is agreed, that TA value will govern the cell radius relative to PCell (propagation delay from PCell) for which sTTI can be supported. According to 36.300, MRTD (for legacy UEs) is composed of two parts – propagation delay difference between component carriers and time synchronization between component carriers. In fact, bulk (30 us) of the 30.26 us of MRTD is meant to accommodate the propagation delay difference among component carriers. In the example shown in Figure 1, both the receive time difference as well as TAPcell are positive. In such a scenario, the propagation delay from the SCell to UE will be 
TAPcell + propagation delay difference between CCs

If the maximum allowed value of TAPcell and MRTD are of the same order, then it is equivalent to a scenario where, with respect to sTTI, the supported cell radius with respect to SCell is significantly larger than PCell. Although such deployments may not be precluded, they should still be considered somewhat imbalanced. 

As noted in Observation 1, both MRTD as well as TA eat into available worst case processing delay. One way to reduce the impact of MRTD on the available processing time is to cap the sum of TA + receive time difference that UE has to support, in addition to individually capping the TA value and MRTD such that the TA + receive time difference is reasonably smaller than max TA + MRTD. Such a constraint will allow deployments with large positive TA and large positive MRTD, but not both at the same time.
Proposal 4: Specify joint requirements on receive time difference (RTD) jointly with the TA value, i.e., UE should support 

RTD ≤ MRTD
Max-TA + RTD ≤ Threshold

Where the Threshold value will be based on input for companies after Maximum TA value is agreed in RAN1.

3. Conclusion

In the document, we have the following proposals 
Proposal 1a: The TA adjustment delay for UEs supporting sTTI and shortened processing is no less than the TA adjustment delay for legacy UEs.

An alternate way of stating the above proposal is 

Proposal 1b: UEs configured with sTTI and shortened processing time, shall adjust the uplink transmission timing in the first TTI that appears 5ms after the sPDSCH/PDSCH corresponding to the TA command has been received.

Proposal 2: No need to modify the SCell activation delay for shortened processing time or sTTI
Proposal 4: Specify joint requirements on receive time difference (RTD) jointly with the TA value, i.e., UE should support 

RTD ≤ MRTD
Max-TA + RTD ≤ Threshold

Where the Threshold value will be based on input for companies after Maximum TA value is agreed in RAN1.

Proposal 3: No need to specify additional ACK/NACK requirements during identification of CGI for UEs supporting sTTI and/or shortened processing time. A note can be added in the current CGI reading requirements in Section 8.1.2.2.3-4, 8.1.2.3.5-8 of 36.133, that the ACK/NACKs correspond to legacy TTI processing.
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