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Introduction
This document summarizes the outcome of the email discussion and provide proposals based on the input given by the different companies to boost the progress during RAN1#91. 
The purpose of this email discussion was to share views on maximum timing advance, processing time for 2OS sTTI as well as operation of {2,7} sTTI operation (including 1-slot sPUSCH scheduling timing, 2/3OS HARQ-Ack timing, as well as 2/3OS sPDSCH HARQ-Ack mapping on 1-slot sPUCCH). 
In order to structure the discussions in here, different issues are handled in differenct (sub)sections with respective questions there. Section 2 focuses on the remaining aspects of maximum TA and processing time whereas Section 3 (and the related subsections) focus on the operation of the {2,7} sTTI operation.

Processing time and related maximum Timing Advance (TA)

For reduced processing time operation of 1ms TTI, the following related agreement is available:
	Related agreements from RAN1#86:

	Agreement:
· For FS1,2&3, a minimum timing n+3 is supported for UL grant to UL data and for DL data to DL HARQ for UEs capable of operating with reduced processing time with only the following conditions: 
· A maximum TA is reduced to x ms, where x <= 0.33ms (exact value FFS); 



In order to solve this FFS issue, the following question is brought forward:
Question 2.1: What is the maximum timing advance value the UE should be required to support for reduced processing time of 1ms TTI (i.e. with N+3 timing)?
	Company
	Views

	Ericsson
	200 us. Considering earlier discussions, we believe the max TA should be specified independent of the MRTD requirement and that instead the time between the latest received DL carrier and the earliest UL carrier is what is considered for processing. That is, with no RTD between carriers, the same max TA as in single CC case can be used.

	Nokia, Nokia Shanghai Bell 
	200us. Similar as Ericsson this value supported for all possible MRTD values (i.e. 200us supported for 0-32us MRTD). 

	Huawei, HiSilicon
	The maximum TA value for 1ms TTI should belong to the range of 166us~330us, and if possible the larger the better. Similar as Ericsson, the maximum TA should be defined independent of the MRTD requirement. 

	Samsung
	330 us is fine for us.

	ZTE, Sanechips
	Slightly prefer 330us, we are also OK with 200us. 

	LGE
	330us.

	Qualcomm
	As was mentioned in our contribution papers before, our preference is to set the max. TA to 67us which allows for more efficient UE implementation by reducing the processing complexitis. However, to address the concerns brought by some of the infra vendors regarding the deployment scenarios and to make progress, we would be fine to consider a larger max. TA value of 167us. Hence, we propose to adopt the max. TA of 166.7us for the 1ms operation with sPT.                                                       
Regarding the max. TA determination, for both the 1ms TTI and sTTI operations, we would like to share the following two aspects:                                                                                         
(1) As discussed in details in R1-1712793, RTD has an impact on the available processing time in some scenarios. Hence, we propose to specify the joint requirements for RTD and TA. This joint requirement should be defined in such a way that the difference between the timing of the latest downlink CC and the earliest UL TAG is upper bounded by a threshold value. As explained in the paper, this time gap is equal to TA + RTD. Hence, we propose to specify the joint RTD and TA requirements as follows:

.
The Threshold value in Eqn. (3) above should be no more than the  allowed in single carrier scenarios. If a single  value is adopted for single carrier and carrier aggregation scenarios, then we propose to set the Threshold to  itself. Hence, for the 1ms TTI operation, we will have:
              

.
One important aspect to consider here is that the specification of the max. TA is independent of the MRTD. 
                                                                        
(2) If there are other deployment scenarios that require a larger max. TA, e.g., in case of C-RAN type deployments, where the backhaul delay may not be negligible, there is no need to increase the max. TA value and expect the UE to handle the extensive processing. The backhaul delay can be easily accounted for by increasing the number of HARQ processes. 
As an example, let us consider the 1ms TTI operation with the n+3 timing. Further, let us assume that the backhaul delay is Xus. We have already agreed that the number of HARQ processes in this case will be 8 (although only 6 active HARQ processes needs to be considered.) The additional 2 HARQ processes can be used to account for the Xus of backhaul delay. In particular, the eNB expects to receive the HARQ ACK/NAK in subframe n+3 for the DL assignment in subframe n, but due to the backhaul delay, it will receive it Xus later. Instead of being inactive during this time, the eNB can schedule one additional HARQ process. This approach is feasible for both 1ms TTI with n+3 timing and sTTI operations, and does not put any additional burden on the UE or eNB side.   



Summary of Question 2.1: There seems to be a common agreement on only a single max. TA value should be defined. One company suggesting to restrict the maximum TA as well as the combination of TA & RTD (i.e. TA≤TAmax, RTD≤MRTD, TA+RTD≤Threshold), and another company proposes that what should be considered is the latest received DL carrier and the earliest UL carrier, in which case MRTD need not be considered as a limiting factor to max TA. The other 8 companies seem to prefer the maximum TA definition independently of the RTD in case of carrier aggregation without any additional restriction on the combination of TA & RT (i.e. only independent restrictions on TA≤TAmax, RTD≤MRTD). Please note that this type of definition should be applied equally also to subslot and slot sTTI definitions. 
The suggested values on the maximum TA include 166.7us, 200us and 330us. 
Based on the summary here, the following proposals are brought forward:
Proposal 1: The maximum TA for reduced processing time operation of 1ms TTI, slot and subslot based sTTI operation is defined as by the legacy definition in terms of carrier aggregation operation, i.e. besides TA≤TAmax and RTD≤MRTD no other restrictions apply.
Agreeable proposal 1: Define a single maximum TA value for reduced processing time operation of 1ms TTI (i.e. no UE capability for different maximum TA support). 
Proposal 2: The maximum TA value for reduced processing time operation of 1ms TTI is given by (downselect at RAN1#90bis)
· Alt. 1: 166.7us
· Alt. 2: 200us
· Alt. 3: 330us



On the issue of processing time and maximum TA for 1-slot sTTI, the following agreement is available:
	Related agreements from RAN1#90:

	Agreement:
For 1-slot sTTI operation, a single minimum processing time is supported.
Agreement:
· For DL 1-slot sTTI length or UL 1-slot sTTI length, a processing time of n+4 slot sTTI assuming a maximum TA Y for DL data to DL HARQ and for UL grant to sPUSCH is supported 
· Y <= 330 us
· FFS the detailed value
Note that sTTI refers to 
· sPUSCH sTTI for the UL grant to UL data timing 
· sPDSCH sTTI for the DL data to DL HARQ feedback timing



As only the maximum timing advance is open, the following two questions are brought forward:
Question 2.2: What is the maximum timing advance value the UE should be required to support for 1-slot TTI with N+4 timing?
	Company
	Views

	Ericsson
	330 us. 
Assuming a max TA of 200us for 1ms TTI, there is roughly a 1.8 ms processing time at the UE. The processing consists of a linear and non-linear part, and the non-linear part is kept the same irrespective of TTI length. Let’s call Y the non-linear part. The linear part of the processing time for 1-slot can then be stated as (1.8-Y)/2. 
With the agreed n+4 timing for 1-slot TTI and the proposed max TA of 0.33ms the overall processing time for 1-slot, i.e. (1.8-Y)/2 + Y, should be smaller than 1.5-0.33. This means that the non-linear part Y would have to be smaller than 0.54ms, i.e. around 7-8 os. This should be sufficient time to cover typical UE implementations.
Furthermore, considering earlier discussions, we believe the max TA should be specified independent of the MRTD requirement and that instead the time between the latest received DL carrier and the earliest UL carrier is what is considered for processing. That is, with no RTD between carriers, the same max TA as in single CC case can be used. 

	Nokia, Nokia Shanghai Bell 
	330us
[bookmark: _Hlk492468982]As already explained extensively in our earlier discussions, compared to N+3 timing of subframe operation this is actually already more relaxed and therefore a slightly larger TA value (than for shortened processing time with 1ms TTI) can be supported. Moreover, we do not see a need to perfectly align the values of maximum TA for the different subfeatures of this WI – but should independently define the maximum TA based on what can be feasible provided by UE implementation (also related to Q2.3 below). 

	Huawei, HiSilicon
	We slightly prefer 330us, because it would be good to support the TA value as large as possible to enable a larger coverage, as long as it can be supported with a given processing time.  
However, for progress we would be ok with a value belong to 166us~330us.

	Samsung
	330 us is feasible.

	ZTE, Sanechips
	330us is OK for us.  

	LGE
	330us.

	Qualcomm
	The same as the 1ms TTI with sPT operation, our proposal was to choose 67us as the max. TA for the 1-slot sTTI operation under the n+4 timing. However, to address the concerns brought by some of the infra vendors regarding the deployment scenarios and to make progress, we would be fine to consider a larger max. TA value of 167us. Hence, we propose to adopt the max. TA of 166.7us for the 1-slot sTTI operation. Regarding the impact of RTD on the overall UE processing time, please refer to (1) in our response to Q1. Regarding the need, if there is any, for accounting for the backhaul delay in C-RAN type deployments, please refer to (2) in our response to Q1.  



Summary of Question 2.2: 9 out of 10 companies prefer to define 330us as the maximum TA for shorterned processing time operation, whereas one company would like to see a smaller maximum TA value of 166.7us. Considering the rather large majority for 330us, the following proposal is made:

Proposal 3: The maximum supported timing advance (TA) value for 7OS/slot TTI is 330us. 


Question 2.3: In case, your input on the maximum TA for 1ms TTI sPT and 1-slot sTTI in Questions 2.1 and 2.2 are different, please provide some further input on your thinking why this should be possible / is needed.
	Company
	Views

	Ericsson
	The answer to Question 2.2 shows how it is possible to have a larger max TA for 1-slot TTI compared to 1ms TTI.

	Nokia, Nokia Shanghai Bell 
	Basically same arguments as listed in Q2.2 already: 
As already explained extensively in our earlier discussions, compared to N+3 timing of subframe operation this is actually already more relaxed and therefore a slightly larger TA value (than for shortened processing time with 1ms TTI) can be supported. Moreover, we do not see a need to perfectly align the values of maximum TA for the different subfeatures of this WI – but should independently define the maximum TA based on what can be feasible provided by UE implementation (also related to Q2.3 below). 
This will give the network the option to operate e.g. at least slot TTI for a networks setting with larger TA (than what shortened processing for 1ms TTI could support).

	Huawei, HiSilicon
	We don’t think it is necessary to align the TA value between 1ms TTI for sPT and 1-slot sTTI. As in our reply to Q 2.2, it would be good to support the TA value as large as possible to enable a larger coverage, as long as it can be supported with a given processing time.   


	Samsung
	There seems no reason that the maximum TA values should be the same between n+3 timing of 1 ms TTI and n+4 timing of slot sTTI.

	Qualcomm
	Although our proposed max. TA values for the 1ms TTI and 1-slot sTTI operations are the same, we would like to share our views here as well. In our opinion, it makes sense to have a larer max. TA for a longer TTI. However, our proposals (under Q1 and Q2) are not based on this argument. In our proposals, the UE implementation complexity is taken into account, and the proposed TA values are based on their impact on the UE’s processing burden.



Summary for Question 2.3: Based on the given input, non of the companies see a reason to align the maximum TA for shortened processing time and slot TTI operation, which we formulate as a related observation here. 

[bookmark: _Hlk493595401]Agreeable RAN1 Observation: No reasons for aligning the maximum timing advance value for shortened processing time of 1ms TTI and slot sTTI operation have been identified.  


On the issue of processing time and maximum TA for 2/3OS sTTI, the following agreement from the SI outcome /TR is available (no further agreements on 2/3OS available from the WI phase):
	Related agreements from RAN1#85:

	Agreements:
· It is recommended to reduce the maximum TA for short TTI operation with processing time reduction compared to Rel-13
· Details are FFS
· The minimum timing for UL grant to UL data and for DL data to DL HARQ is n + k sTTI for short TTI operation;
· Processing time >= the legacy processing time linearly downscaled with TTI length
· 4 <= k <= 8
· Note that sTTI refers to 
· sPUSCH sTTI for the UL grant to UL data timing 
· sPDSCH sTTI for the DL data to DL HARQ feedback timing
· Further study whether or not the eNB would indicate an additional parameter m (Note: the value may be dependent on the discussion on the max TA), resulting in a timing of n + k + m sTTI
· FFS: semi-static or dynamic configuration of m, if introduced



The first question to be answered here is if there is only a single processing time assumption (i.e. n+k) defined as for 1-slot sTTI or if more than one processing time assumption (with potentially different maximum timing advance) is supported (i.e. k1=k, k2=k+m, max_TA(k), max_TA(k+m)). 

Question 2.4: Should the RAN1 specs support a single maximum processing time assumption n+k for 2/3OS sTTI or should more than one processing time assumptions for 2/3OS sTTI be supported. Please provide the number of supported processing times for 2/3 OS sTTIs below. 
	Company
	Views

	Ericsson
	We are fine with one switching point for the TA, i.e. two processing time assumptions for a given UE. A single value is of course simpler, but seems difficult to agree on.

	Nokia, Nokia Shanghai Bell 
	Also we are fine to support 2 different timing assumptions for 2/3 OS sTTI, having different maximum TA support.

	Huawei, HiSilicon
	Two processing time assumptions should be supported for 2/3-symbol sTTI corresponding to different maximum TAs.A large maximum TA means large coverage but may require longer processing time, while a small maximum TA supports faster DL HARQ timing and UL scheduling timing. Support configuratble processing time can meet different requirements in different scenarios.

	Samsung
	To operate with sTTI for larger TA values, different timing according to the TA can be useful.

	ZTE, Sanechips
	Supporting 2 different timing assumptions could be a good choice for different companies.

	LGE
	We are also fine to support more than one different processing time assumptions for 2/3-OS sTTI in order to support larger coverage with longer processing time. 

	Qualcomm
	We are fine with considering two processing timings with different max. TA values for deployments or applications with different latency requirements.



Summary for Question 2.4: All companies are fine to define more than one processing time assumption for subslot TTI operation with 8 out of 10 companies directly refer to two defined processing time assumptions. 

Agreeable proposal 2: Define two processing timing assumptions for subslot TTI operation for different maximum TA support. FFS if different UEs can indicate support for different sets of processing timing assumptions.



Question 2.5: In case you suggested to support more than one processing time assumption in Question 2.4, please provide your input if the processing time is higher layer configured or dynamically indicated in the sDCI to the UE.
	Company
	Views

	Ericsson
	Configured in RRC

	Nokia, Nokia Shanghai Bell  
	RRC configured as part of the 2/3OS sTTI configuration for a CC. 
Note, that we already agreed to only support a single configured timing assumption (i.e. the same timing assumption needs to be configured for all 2/3OS sTTI CCs within a PUCCH group). 

	Huawei, HiSilicon
	Configured by higher layer signaling. 

	Samsung
	The eNB can configure the timing by RRC. 
In this case, there may be some case that the short processing time is configured while acual TA is larger than a threshould. In such cases, the specification should support that the UE having larger TA than a threshould can ignore some scheduling with the short timing.

	ZTE, Sanechips
	Configured by RRC

	LGE
	Configured by RRC.

	Qualcomm
	We prefer the configuration to be done via RRC signaling.



Summary for Question 2.5: All companies suggest a higher layer configuration by RRC signaling to define the processing time assumption for subslot TTI operation. 

Agreeable proposal 3: The minimum processing time assumption for subslot sTTI operation is configured by RRC. 

As both the processing time assumption, and the related maximum TA are open for 2/3OS sTTI, the combination of processing time k and related maximum TA (dependent on k) max_TA(k) is of importance. 

Question 2.6: Which combination(s) of processing time parameter k and related maximum timing advance max_TA(k) is to be supported for 2/3OS sTTI. In case you suggested more than one processing time assumption in Question 2.4, please provide the numbers for the processing time (k1, k2,…) and the related maximum TA (max_TA(k1), max_TA(k2),…).  
	Company
	Views

	Ericsson
	Two options could be envisaged:

No UE capability:
- n+4: 67 us
- n+6: 330 us

UE capability:
- UE cap 1: 
   - n+4: 67 us
   - n+6: 330 us
- UE cap 2: 
   - n+6: 67 us
   - n+8: 330 us

Furthermore, considering earlier discussions, we believe the max TA should be specified independent of the MRTD requirement and that instead the time between the latest received DL carrier and the earliest UL carrier is what is considered for processing. That is, with no RTD between carriers, the same max TA as in single CC case can be used.

	Nokia, Nokia Shanghai Bell
	We think that the advantages of N+8 operation of 2/3OS/subslot sTTI over slot sTTI operation are rather minor and for URLLC purposes a rather short processing time will be needed in the end. Therefore, we propose the following to be supported by a subslot sTTI capable UE: 
· k1=4 (i.e. n+4) with 67us max TA
· k2=6 (i.e. n+6) with 330us max TA
As noted above, k1 or k2 can be RRC configured by the network for the UE. 

	Huawei, HiSilicon
	To enable lower latency, we think n+4 processing time is needed, while a longer processing time can be configured assuming a larger TA value for large coverage. So our proposal is as below:
· For the same DL/UL 2/3-symbol sTTI length, a UE capable of operating sTTI is configured by higher layer to support 
· a processing time of n+4 assuming a maximum TA X for DL data to DL HARQ and for UL grant to sPUSCH, or a processing time of n+6 assuming a maximum TA X + ~280 us for DL data to DL HARQ and for UL grant to sPUSCH 
· 33us<= X <= 67us
In addition, for progress we would be ok to introduce UE capability. One alternative is descried as in Ericsson reply. Another alternative, different UE capabilities on the maximum allowable TA value could be consideredfor a given processing time. For example, for n+4 processing time, UE capability 1 support 67us TA value while UE capability 2 support 33us or even smaller. 


	Samsung
	When The following processing time is acceptable.
- n+6 for 67 us max TA
- n+8 for 330 us max TA
When we consider 330 us max TA and have n+ 6 timing, there is only 670 us for processing time, which is not feasible for 2/3OS sTTI operations.
During SI phase, most of the performance gain comes from short SR period, not just HARQ-ACK timing. There is no significant throughput gain for n+4/n+8 timing compared to n+6/n+8.
When also URLLC is considered (even though URLLC is not in the scope of this WI), we do not know the URLLC need HARQ retransmission or not. 

	ZTE, Sanechips
	The following processing timing is OK for us. 
· n+4 with 67us max TA
· n+6 with 330us max TA

	LGE
	Option 1: k1=6 (i.e. n+6) with 67 us max TA
Option 2: k2=8 (i.e. n+8) with 330 us max TA
As per the response to Q2.5, a single processing time can be configured by RRC between the above options. Also, UE capability can be defined on the minimum processing time for a given TA. 

	Qualcomm
	First, it should be noted that the support for very short processing timelines, e.g., n+4, for a 2-symbol sTTI operation is challenging and depends on several factors including how fast an sPDCCH can be decoded. However, for some applications, such as URLLC type of services, allowing for a short processing timeline is essential. 
Currently, some of the details of sPDCCH design, such as the RB set size, the RB set granularity, etc., and DMRS locations for data/control in 3-symbol sTTIs, are still under discussion. However, in our view, the final design should allow for supporting a very fast turnaround time. Assuming that that the final design allows for efficient decoding of data and control (otherwise the timeline cannot be achieved), we propose the following two processing timelines and their associated max. TA value:
· n+4 processing timeline with max. TA of 33us
· n+6 processing timeline with max. TA of 330us.
In case a larger max. TA value is needed for some other deployment scenarios such as C-RAN deployments, additional HARQ processes can be used as explained under (2) in our response to Q1. 



Summary for Question 2.6: There are rather diverse views on the combinations to be supported here, which include:
· Alt. 1: k1=4 with 67us, k2=6 with 330us: mentioned by 7 companies
· Alt. 2: k1=6 with 67us, k2=8 with 330us: mentioned by 3 companies
· Alt. 3: k1=4 with 33us, k2=6 with 330u: mentioned by 3 companies
Moreover, 4 companies metion that more than one of the 3 alternatives above could be specified as UE capabilities (such as combinations of Alt. 1 & Alt. 2, or Alt. 1 & Alt. 3). As this issue seems rather controversial, we suggest not a direct proposal but just a 2-step decision making progress at RAN1#90. First we need to decide if a single of the alternatives above is defined or if there is UE capability – then then define decide on the supported Alternative(s). 

Proposal 4: Decide between the two options for subslot based maximum TA and minimum processing time at RAN1#90bis. 
· Option 1: There is UE capability defined for the supported combinations of maximum TA and minimum processing time for subslot sTTI operation. 
· Option 2: There is no UE capability indication on the supported combinations of maximum TA and minimum processing time for subslot sTTI operation defined. 

In case Option 1 is selected based on the first step: 
Proposal 5A: If UE capability signaling is defined, one of the 3 alternatives is chosen at RAN1#90bis: 
· Alt. 1: The UE capability signaling indicates the support of either {k1=4 with 67us, k2=6 with 330us} or {k1=6 with 67us, k2=8 with 330us}
· Alt. 2: The UE capability signaling indicates the support of either {k1=4 with 67us, k2=6 with 330us} or {k1=4 with 33us, k2=6 with 330us}
· Alt. 3: The UE capability signaling indicates the support of either {k1=4 with 33us, k2=6 with 330us} or {k1=6 with 67us, k2=8 with 330us}
 

In case Option 2 is selected based on the first step: 
Proposal 5B: If no UE capability signaling is defined, one of the three alternatives for the max. TA and minimum processing time for subslot sTTI operation is chosen at RAN1#90bis from: 
· Alt. 1: k1=4 with 67us, k2=6 with 330us
· Alt. 2: k1=6 with 67us, k2=8 with 330us
· Alt. 3: k1=4 with 33us, k2=6 with 330us


sPUSCH scheduling and sPDSCH HARQ-Ack timing relations for {2,7} sTTI operation

The point on the timing of {2,7} sTTI combination timing is still open based on the RAN1#85 agreement:
	Related agreements from RAN1#85:

	Agreements:
· The minimum timing for UL grant to UL data and for DL data to DL HARQ is n + k sTTI for short TTI operation;
· Processing time >= the legacy processing time linearly downscaled with TTI length
· 4 <= k <= 8
· Note that sTTI refers to 
· sPUSCH sTTI for the UL grant to UL data timing 
· sPDSCH sTTI for the DL data to DL HARQ feedback timing
· FFS how to the handle the minimum timing for the case when DL sTTI and UL sTTI have different lengths



As three 2/3OS DL sTTIs correspond to one 1-slot sTTI, the sPUSCH scheduling as well as sPDSCH HARQ-Ack timing has a similar character as given by TDD operation (such as LTE FS2). Some discussion on this issue (with raising the points that need to be decided) is contained e.g. in Section 3.2 and 4.2 of [1]. We handle this two issues separately in the following two subsections.
 
sPUSCH scheduling timing for {2,7} sTTI operation

First, let’s discuss the minimum timing for UL grant for 1-slot sPUSCH carried in the DL control region of a 2/3OS sTTI (on PDCCH sTTI#0, sPDCCH in sTTI#1 to 5). For 1-slot sPUSCH the minimum timing of N+4 slots has been agreed and the minimum timing should be given by the 1-slot sPUSCH minimum timing relations. 
For {7,7} sTTI operation, the DL control is always located in the first 2 to 3 symbols of the respective 1-slot sTTI which corresponds to the first 2/3OS sTTI within a slot. As a consequence, it seems that the UL grant for 1-slot sPUSCH of sTTI#x in SF#N needs to be at latest(i.e. minimum timing)sent in 2/3OS sTTI#3x of SF#N-2, as illustrated in the exemplary Figure 3.1 below:
[image: ]
Figure 3.1.1: Minimum sPUSCH scheduling timing (Option 1)

Question 3.1.1: Do you agree, that the sDCI scheduling 1-slot sPUSCH in sTTI#x of SF#N needs to be at latest sent in 2/3OS sTTI#3·x of SF#N-2? (YES/NO)
If your answer is NO, please explain which minimum timing relation you are having in mind. 
	Company
	Views

	Ericsson
	Yes

	Nokia, Nokia Shanghai Bell 
	Yes

	Huawei, HiSilicon
	Yes 

	Samsung
	Yes

	ZTE, Sanechips 
	No. It was agreed that the maximum allowable blind decodes for 2/3os sTTI is 6, while it is 12 for 1-slot sTTI. Then, from processing time point of view, decoding a sDCI in a 2/3OS sTTI could be less time-consuming than decoding a sDCI in a 1-slot sTTI. Therefore, we also think it is possible to allow 2/3OS sTTI#3·x+1 or 2/3OS sTTI#3·x+2 of SF#N-2 to schedule the 1-slot sPUSCH in sTTI#x of SF#N.

Combined with Q 3.1.2, this can also align the multiple 2/3OS sTTIs that scheduling the same 7-OS sPUSCH in the same slot.  

	LGE
	Yes

	Qualcomm
	Yes




As also noted also in Sec. 4.2 of [1], when having the minimum timing defined there are two basic options for scheduling 1-slot sPUSCH from 2/3OS DL sTTI – namely:
· Option 1: 1-slot sPUSCH can be scheduled from a single 2/3OS DL sTTI (as shown in the example Figure 3.1.1 above)
· Option 2: 1-slot sPUSCH can be scheduled from multiple (up to 3) 2/3OS DL sTTIs (as shown in the example Figure 3.1.2 below)
· Given by the minimum scheduling timing, the sTTIs shown in Figure 3.1.2 assume the UL grant needs to be at latest transmitted in sTTI given by the answer to Question 3.1.1 and in the two DL sTTIs before
[image: ]

Figure 3.1.2: 1-slot sPUSCH can be scheduled from more than one DL sTTI (Option 2)

Option 1 is more aligned with the FDD scheduling operation and can (potentially) decrease the sDCI blind decoding for a UE in 2/3 OS that cannot contain sDCIs scheduled 1-slot sPUSCH. As noted in [1], for Option 2 the sDCI detection complexity is a little larger than Option 1, however, it provides the eNB implementation flexibility to distribute sDCI overhead between sTTI. As also shown Figure 3.2, there might be some additional scheduling delay for Option 2 depending on the decision on the minimum scheduling timing based on Question 3.2 even compared to {7,7} operation. 
Question 3.1.2: The following two options can be considered for 1-slot sPUSCH scheduling from 2/3OS sTTI: 
· Option 1: 1-slot sPUSCH can be scheduled from a single 2/3OS DL sTTI
· Option 2: 1-slot sPUSCH can be scheduled from multiple (i.e. up to 3) 2/3OS DL sTTIs
Please indicate your preference (Option 1 vs. Option 2). In case you have some other option in mind please provide your detailed proposal below. 
	Company
	Views

	Ericsson
	Slight preference for Option 2. 

	Nokia, Nokia Shanghai Bell 
	Similar as Ericsson, we prefer Option 2 assuming the sDCI size of subslot based sPDSCH and slot based sPUSCH are aligned which would not even increase the UE blind decoding effort. This might help to balance the DL control overhead. But there should be a fixed (specified timing) mapping of a sPUSCH grant received in a sTTI and the slot of the scheduled sPUSCH.

	Huawei, HiSilicon
	Both options can be considered. One alternative is to support both and configured by higher layer signaling. With option 1, sPDCCH BDs in a subframe can be less. With option 2, more scheduling flexibility can be achieved.
If only one of the option would be supported, we slightly prefer option 2. 

	Samsung
	Option 1 is preferred to decrease blind decoding.
Altanatively, Option 2 can be used where RRC configuration is used to inform which 2/3OS sTTI delivers UL grant for slot sTTI.

	ZTE, Sanechips
	Option 2. 

	LGE
	We slightly prefer option 2.

	Qualcomm
	We prefer Option 2. However, it should be noted that a UE expects to only receive one UL grant from the set of 2/3-symbol sTTIs mapped to a single UL slot sTTI.



Summary for Questions 3.1 and 3.2: 9 out of 10 companies have the preference to allow the slot PUSCH to be scheduled from more than one subslot sTTI, whereas one company prefers to only have only a single (fixed or configurable) subslot sTTI for slot sPUSCH scheduling to reduce the UE blind decoding effort. The blind decoding effort can only be reduced in case the UE would need to monitor for different sDCI sizes for sPUSCH grants and sPDSCH assignements (which is still open as well).  
8 out of 10 companies indicated the UL grant for slot-based sPUSCH in slot#x of SF#N to be latest sent in 2/3OS sTTI#3x of SF#N-2 whereas two companies highlight the smaller number of BDs in 2/3OS sTTI compared to slot sTTI and therefore propose the latest applicable subslot DL sTTI to be in sTTI#3x+2 of SF#N-2. As this has not been extensively discussed, we propose to downselect at RAN1#90bis between these two options, which we again illustrate in the two alternative Figures below here:
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Agreeable proposal 4: The UL grant for 7OS sPUSCH in a certain slot can be sent in either one of three defined subslot DL sTTIs. 

Proposal 6: The UL grant for slot based sPUSCH in slot#x of SF#N can be sent from either one of (downselect at RAN1#90bis)
· Alt 1:
· For x=0: in sTTI#4 of SF#N-3, sTTI#5 of SF#N-3 or sTTI#0 of SF#N-2
· For x=1: in sTTI#1, sTTI#2 or sTTI#3 of SF#N-2
· Alt 2: sTTI#3x, sTTI#3x+1 or sTTI#3x+2 of SF#N-2
Note: The UE is expected to only receive one UL grant from the set of 2/3-symbol sTTIs mapped to a single UL slot sTTI. 


sPDSCH HARQ-Ack timing for {2,7} sTTI operation

Similar timing decisions are required for sPDSCH HARQ-Ack, where the HARQ-Ack of up to 3 2OS sPDSCH need to be mapped to a single 1-slot UL sTTI. As the decision on N+k for 2/3OS sTTI is still open (in Section 2, 4<=k<=8), several options need to be considered. We focus here on the cases which so far seemed to be most discussed in RAN1 by companies, namely k=4, 6 and 8. 

k=4 (i.e. N+4 timing):
For the case of k=4 (i.e. N+4 2/3OS HARQ-Ack timing), in Figure 4 of [1] HARQ-Ack timing for N+4 assumption which maps the HARQ-Ack in a way, that all HARQ-Ack of a slot are mapped on the same slot in UL and at the same time providing the mimum latency for HARQ-Ack reporting, as shown in the Figure below. 


Figure 3.2.1: Example HARQ-Ack timing for N+4 2/3OS sPDSCH on 1-slot UL sTTI (Figure 4 of [1])

In terms of mathematical formulation of Figure 3.2.1 above, the HARQ-Ack of 2/3 OS sPDSCH in sTTI#x of SF#N is to be reported in sTTI or slot#(floor(x/3)) of SF#N+1 for 1-slot UL. We therefore, propose this as one option and leave alternative solutions for companies to provide their input on.
Question 3.2.1: Do you agree, that for k=4 (i.e. N+4 of 2/3OS sTTI, if k=4 is supported) the HARQ-Ack of 2/3OS sPDSCH in sTTI#x of SF#N is to be mapped on the 1-slot UL sTTI in slot/sTTI#(floor(x/3)) of SF#N+1? (YES/NO)
If your answer is NO, please explain your detailed mapping for the case of n+4. 
	Company
	Views

	Ericsson
	Yes

	Nokia, Nokia Shanghai Bell 
	Yes

	Huawei, HiSilicon
	Yes

	Samsung
	Yes.
However, as explained in Q2.6, the minimum timings n+6 for 67 us max TA and n+8 for 330 us max TA are feasible for 2/3OS.

	ZTE, Sanechips
	Yes

	LGE
	Yes. Also same as Samsung for the feasible minimum timing.

	Qualcomm
	Yes.




k=6 and 8 (i.e. n+6 or n+8  timing):
For N+6 and N+8 timing of 2/3OS sTTI, assuming the mimum latency for the HARQ-Ack reporting will lead to the case (Option 1), that the HARQ-Ack of sPDSCH across slot and subframe boundaries are to be jointly mapped on a single 1-slot UL sTTI as shown in Figure 3.2.2 below for the case of k=6 and 8 (i.e. n+6, n+8). 

[image: ]
Figure 3.2.2: HARQ-timing mapping for n+6 and n+8 according to Option 1 (i.e. earliest 1-slot sTTI by neglecting slot/subframe boundaries) 


Option 2, as shown in the example Figure 3.2.3 below for the case of k=6 and 8 where the slot mapping is preserved. When comparing the two Options, it is clear that by trying to preserve the slot/subframe boundaries in Option 2  an additional HARQ-Ack delay of up to two 2OS sTTIs is introduced compared to Option 1. 
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Figure 3.2.3: HARQ-timing mapping for n+6 and n+8 according to Option 2 (i.e. earliest 1-slot sTTI by mapping the HARQ-Ack of sPDSCH within one slot to the same single UL slot)


For the two described example mapping options here the HARQ-Ack of 2/3 OS sPDSCH in sTTI#x of SF#N to be reported in sTTI or slot/sTTI#y of SF#N+n for 1-slot UL depending on the timing parameter k, where y and n are given by:
· Option 1:
· 
· 
· Option 2:
· 
· 

Please note, that for both options the N+4 case corresponds to and n=1, as given by the formulation in question 3.2.1.  

Question 3.2.2: The following two options can be considered for sPDSCH HARQ-Ack timing assuming a N+k timing for 2/3OS sTTI, where the HARQ-Ack of 2/3OS sPDSCH in sTTI#x of SF#N is to be mapped on the 1-slot UL sTTI in slot/sTTI#y of SF#N+n: 
· Option 1: The sPDSCH HARQ-Ack is mapped to the earliest possible 1-slot UL sTTI not considering the slot boundaries, i.e. 
· 
· 
· Option 2: The sPDSCH HARQ-Ack is mapped to the earliest possible 1-slot UL sTTI, where the HARQ-Ack of the three 2/3OS sPDSCH of a slot are mapped the same 1-slot UL sTTI, i.e.
· 
· 
Please indicate your preference (Option 1 vs. Option 2). In case you have some other option in mind please provide your detailed proposal below. 

	Company
	Views

	Ericsson
	Option 1. We don’t see a strong motivation to report HARQ ACK for all 2os sPDSCH of a slot in the same slot TTI. Achieving shorterHARQ feedback delay is more justified.

	Nokia, Nokia Shanghai Bell 
	Option 1 assuming that no other issues with supporting the minimum HARQ-Ack timing for all sTTIs (given by Option 1) are identified.

	Huawei, HiSilicon
	Option 1, it would be good to try to achieve lower latency as much as possible.

	Samsung
	Option 1.
It is like that HARQ-ACK for 2/3OS sTTI should be transmitted in the first slot appearing after contiguous six 2/3-sTTIs. 

	ZTE, Sanechips
	Option 1. 

	LGE
	Option 1 for lower latency. 

	Qualcomm
	We prefer Option 1 as reducing the latency should be the core objective of the design. (As mentioned in our response to Question 2.6, there is no need and no benefit in supporting large processing timelines such as n+8 under the 2-symbol sTTI operation.)



Summary for Questions 3.2.1 and 3.2.2: All 10 companies indicated, that the HARQ-Ack of subslot based sPDSCH (independently of the to be defined processing timing) is to be mapped to the earliest possible UL slot of slot-based UL sTTI operation, which is given generically for different processing time assumptions k for subslot sTTI by:

Agreeable proposal 5: The sPDSCH HARQ-Ack of subslot sPDSCH is mapped to the earliest possible slot UL sTTI. The HARQ-Ack of subslot sPDSCH in sTTI#x of SF#N is to be mapped on the 1-slot UL sTTI in slot/sTTI#y of SF#N+n for a minimum processing time assumption of k subslot sTTIs. 
· 
· 


Multiplexing of HARQ-Ack of 2/3OS sPDSCH on the 1-slot sPUCCH
As noted above, there is a need to multiplex the HARQ-Ack of three 2/3OS DL sTTIs on a single 1-slot UL sTTI (i.e. PUCCH). 
From RAN1#90, the following relevant agreements and working assumptions on the number of CCs, number of codewords for sPDSCH as well as PUCCH formats (for 1-slot sTTI) will effect the design here:
	Related agreements from RAN1#90:

	Agreement:
· The maximum number of supported UL and DL sTTI carriers is the same as in 1 ms TTI operation.
Working assumption:
· A single codeword is used for sPDSCH independent on the number of layers
Agreement:
· For 1-slot sPUCCH format 4 the number of RBs is signaled by higher layer signaling and can be configured between 1 to 8.
Agreement:
· For 7-symbol sPUCCH format for more than 2 bits, PF3-based 7-symbol sPUCCH is supported in addition to PF4-based 7-symbol sPUCCH.
· For PF3-based 7-symbol sPUCCH hopping is not supported
Agreement:
· Channel coding for 7-symbol sPUCCH
· Up to 11 bits: Single RM coding
· 12-22: Dual RM
· More than 22 bits: TBCC+8bit-CRC



Based on these agreements & working assumption the number of HARQ-Ack bits that needs to be mapped into a single 1-slot PUCCH can be up to 96 (assuming up to 32 CCs, 3 sPDSCHs, single codeword). We note that 7-symbol sPUCCH format 4 supports 5*12*2= 120 uncoded bits / PRB and should therefore be able to carry the maximum possible number of bits even without bundling. 
This number is clearly the worst case and RAN1 might not optimize the HARQ-Ack feedback operation for a very large number of 2/3OS sTTIs carriers per PUCCH, which has also been discussed in RAN1 when agreeing on not restricting the number of CCs as such. Therefore, a typical HARQ-Ack payload size will be far less than that. Nevertheless, there is always the possibility to either just multiplex the HARQ-Ack bits as they are (i.e. no temporal and/or carrier domain bundling) or alternatively, define some HARQ-Ack bundling to reduce the payload size (but requiring extensive DAI usage in the sPDSCH assignments). 

Question 4.1: Please provide your input on HARQ-Ack multiplexing of 2/3OS sPDSCH on 1-slot PUCCH considering at least the following options: 
· Option 1: HARQ-Ack multiplexing without (temporal/carrier domain) bundling
· Option 2: HARQ-Ack multiplexing with (temporal/carrier domain) bunding
In case you preference would be Option 2, please provide a description of your envisioned DAI operation to enable the HARQ-Ack bundling operation for the {2,7} combination. In case you have some other option in mind please provide your detailed proposal below.

	Company
	Views

	Ericsson
	Both options are fine with a slight preference for Option 1 for simplicity. In case of option 2, the DAI mechanism used for FS2 should be applied as much as possible.

	Nokia, Nokia Shanghai Bell 
	Option 1, as this will simplify the {2,7} specification effort as well as the related network operation. Specifically considering the rather tight time-schedule for completing the work, Option 1 should be adopted. 

	Huawei, HiSilicon
	Option 2. The reason for introducing {2,7} is that 1-slot sPUCCH provides better performance to guarantee enough UL coverage. Therefore, at least time-domain HARQ-ACK bundlingshould be supported. DAI mechanism for FS2 can be reused.

	Samsung
	Both options can be considered.

	ZTE, Sanechips
	Option 1 is prefered.

	LGE
	For simplicity, we prefer option 1. For option 2, DAI mechanism may be reused but with more sDCI signaling overhead. 

	Qualcomm
	We agree that Option 1 is simpler, however, the reason for adopting the 1-slot sTTI in the UL is to enhance coverage. Without HARQ ACK/NAK bundling, this gain cannot be realized. Hence, we prefer to adopt Option 2 and reuse the DAI mechanism used for FS2 to the extent possible.



Summary for Question 4.1: Both options seem to be possible and have support in principle by all the companies. The simplicity of Option 1 (i.e. no bundling) versus the improved coverage (with at least time-domain bundling, reusing DAI mechanisms) has been discussed. As there is no clear majority view on either option, we propose to downselect to either Option 1 or Option 2 at RAN1#91. 

Proposal 7: In terms of HARQ-Ack multiplexing of 2/3OS sPDSCH on 1-slot PUCCH, decide at RAN1#90bis between 
· Option 1: HARQ-Ack multiplexing without (temporal/carrier domain) bundling
· Option 2: HARQ-Ack multiplexing with time-domain bundling using DAI FS2 mechanism
· Detailed bundling mechanism is FFS
· Carrier domain bundling is FFS

Any additional other points you would like to raise here

The following additional questions were added by companies during the email discussion. 
Question 5.1: Please provide your input on the maximum number of HARQ processes for DL/UL for FS1 and different sTTI combinations: {2,2}, {7,7}, {2,7} (it is assumed a similar question can be asked in the FS2 mail discussion). 
	Company
	Views

	Ericsson
	16 HARQ processes in all cases

	Nokia, Nokia Shanghai Bell 
	16 UL and 16 DL HARQ processes for all sTTI combinations 

	Huawei, HiSilicon
	16 HARQ processes in all cases

	Samsung
	16 HARQ processes in all cases.

	ZTE, Sanechips
	16 HARQ processes in all cases.

	LGE
	16 HARQ processes in all cases.

	Qualcomm
	16 HARQ processes is fine.



Summary for Questions 5.1: All 10 companies indicated that 16 HARQ processes should be defined for shorter TTI operation independently of the configured UL/DL sTTI combination. 

Agreeable proposal 6: Support 16 UL and 16 DL HARQ processes for shorter TTI operation for FS1 independently of the UL/DL sTTI combination as well as for the slot sTTI operation of FS2. 

Question 5.2: Do you supporta fast SRS triggering (i.e., the minimum timing of SRS request to SRS transmission is less than 4 ms) for sTTI? (YES/NO)
	Company
	Views

	Huawei, HiSilicon
	Yes.
Considering that it is possible that preparing SRS sequence might be faster than preparing sPUSCHsince only one SRS symbol is generated, a smaller minimum processing time between SRS request to SRS transmission can be achieved. As fast channel state information acquisition and fast link adaptation can improve performance such as UPT gain, a fast SRS triggering scheme should be adopted in sTTI


	Samsung
	No.
It is unclear what more benefic we can obtain by fast SRS triggering. Also, we would like to focus more on essential mechanism for sTTI operations due to time limitation of this WI.

	ZTE, Sanechips
	No. Agree with Samsung, the additional benefit obtained by a fast SRS triggering is unclear for us.  

	Nokia, Nokia Shanghai Bell
	No. 
Samsung summarized the situation there rather well. There seems to be no real advantage of fast SRS triggering. And let’s focus on the most important things to complete the sTTI&PT WI in time. 

	Ericsson
	No for the same reasons as mentioned above.

	LGE
	No. There was no study/observation on the benefit from a fast SRS. Given the time we have for this WI, it would be desirable to focus on more essential remaining features for sTTI operation. 

	Qualcomm
	Enabling fast SRS triggering could be beneficial for UL scheduling. If time allows, this can be considered.



Question 5.3: If you answer to Question 5.2 is yes, please provide your proposal on the timing between SRS request and SRS transmission.
	Company
	Views

	Huawei, HiSilicon
	A UE upon detection of a SRS request in the sTTI #i shall transmit SRS in the last symbol of the first valid SRS subframe, the SRS subframe is valid after i+k sTTI, where k is the minimum timing for SRS request to SRS transmission. According to 2/3-symbol processing time discussed above, the default value of k could be 4 for the maximum TA X and 6 for the maximum TA Y. Considering that it is possible that preparing SRS sequence might be faster than preparing sPUSCH, a smaller minimum processing time between SRS request to SRS transmission can be achieved, e.g. the default value of k could be 2 for the maximum TA X and 4 for the maximum TA Y.

	
	

	
	

	
	



Summary for Questions 5.2 and 5.3: 7 out of 10 companies highlight the unclear advantage of fast SRS triggering and the rather tight schedule of the WI in this respect. 3 companies see an advantage in supporting fast SRS triggering from which one company acknowledged the rather tight schedule here (i.e. consider if time allows). 

Considering that the majority of companies being not in favor of supporting fast SRS triggering and the rather tight schedule of the WI is mentioned by 8 ouf of companies, the following conclusions is proposed to close the related discussions here.  

Proposed RAN1 conclusion: There is no consensus to support fast SRS triggering (i.e. the minimum timing of SRS request to SRS transmission is less than 4 ms) as part of this WI. 

Conclusion
This contribution summarizes the email discussion [90-14] and brings forward proposals based on the input given by the different companies. 
The following is noted in terms of maximum timing advance and minimum processing time: 
· Proposal 1: The maximum TA for reduced processing time operation of 1ms TTI, slot and subslot based sTTI operation is defined as by the legacy definition in terms of carrier aggregation operation, i.e. besides TA≤TAmax and RTD≤MRTD no other restrictions apply.

· Agreeable proposal 1: Define a single maximum TA value for reduced processing time operation of 1ms TTI (i.e. no UE capability for different maximum TA support). 

· Proposal 2: The maximum TA value for reduced processing time operation of 1ms TTI is given by (downselect at RAN1#90bis)
· Alt. 1: 166.7us
· Alt. 2: 200us
· Alt. 3: 330us

· Agreeable RAN1 Observation: No reasons for aligning the maximum timing advance value for shortened processing time of 1ms TTI and slot sTTI operation have been identified.  

· Proposal 3: The maximum supported timing advance (TA) value for 7OS/slot TTI is 330us. 

· Agreeable proposal 2: Define two processing timing assumptions for subslot TTI operation for different maximum TA support. FFS if different UEs can indicate support for different sets of processing timing assumptions.

· Agreeable proposal 3: The minimum processing time assumption for subslot sTTI operation is configured by RRC. 

· Proposal 4: Decide between the two options for subslot based maximum TA and minimum processing time at RAN1#90bis. 
· Option 1: There is UE capability defined for the supported combinations of maximum TA and minimum processing time for subslot sTTI operation. 
· Option 2: There is no UE capability indication on the supported combinations of maximum TA and minimum processing time for subslot sTTI operation defined. 

In case Option 1 is selected in proposal 4: 
· Proposal 5A: If UE capability signaling is defined, one of the 3 alternatives is chosen at RAN1#90bis: 
· Alt. 1: The UE capability signaling indicates the support of either {k1=4 with 67us, k2=6 with 330us} or {k1=6 with 67us, k2=8 with 330us}
· Alt. 2: The UE capability signaling indicates the support of either {k1=4 with 67us, k2=6 with 330us} or {k1=4 with 33us, k2=6 with 330us}
· Alt. 3: The UE capability signaling indicates the support of either {k1=4 with 33us, k2=6 with 330us} or {k1=6 with 67us, k2=8 with 330us}
 
In case Option 2 is selected in proposal 4: 
· Proposal 5B: If no UE capability signaling is defined, one of the three alternatives for the max. TA and minimum processing time for subslot sTTI operation is chosen at RAN1#90bis from: 
· Alt. 1: k1=4 with 67us, k2=6 with 330us
· Alt. 2: k1=6 with 67us, k2=8 with 330us
· Alt. 3: k1=4 with 33us, k2=6 with 330us

The following proposals are made in terms of {2,7} UL/DL combination operation:
· Agreeable proposal 4: The UL grant for 7OS sPUSCH in a certain slot can be sent in either one of three defined subslot DL sTTIs. 

· Proposal 6: The UL grant for slot based sPUSCH in slot#x of SF#N can be sent from either one of (downselect at RAN1#90bis)
· Alt 1:
· For x=0: in sTTI#4 of SF#N-3, sTTI#5 of SF#N-3 or sTTI#0 of SF#N-2
· For x=1: in sTTI#1, sTTI#2 or sTTI#3 of SF#N-2
· Alt 2: sTTI#3x, sTTI#3x+1 or sTTI#3x+2 of SF#N-2
Note: The UE is expected to only receive one UL grant from the set of 2/3-symbol sTTIs mapped to a single UL slot sTTI. 

· Agreeable proposal 5: The sPDSCH HARQ-Ack of subslot sPDSCH is mapped to the earliest possible slot UL sTTI. The HARQ-Ack of subslot sPDSCH in sTTI#x of SF#N is to be mapped on the 1-slot UL sTTI in slot/sTTI#y of SF#N+n for a minimum processing time assumption of k subslot sTTIs. 
· 
· 

· Proposal 7: In terms of HARQ-Ack multiplexing of 2/3OS sPDSCH on 1-slot PUCCH, decide at RAN1#90bis between 
· Option 1: HARQ-Ack multiplexing without (temporal/carrier domain) bundling
· Option 2: HARQ-Ack multiplexing with time-domain bundling using DAI FS2 mechanism
· Detailed bundling mechanism is FFS
· Carrier domain bundling is FFS



The following additional proposals from the email dicussions are made: 
· Agreeable proposal 6: Support 16 UL and 16 DL HARQ processes for shorter TTI operation for FS1 independently of the UL/DL sTTI combination as well as for the slot sTTI operation of FS2.

· Proposed RAN1 conclusion: There is no consensus to support fast SRS triggering (i.e. the minimum timing of SRS request to SRS transmission is less than 4 ms) as part of this WI.
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