Page 1
3GPP TSG RAN WG1 #88	R1-1702556
February 13th–17th, 2017
Athens, Greece
	
[bookmark: Source]Agenda item:	7.2.5.2.1.1
Source: 	Qualcomm Incorporated
Title: 	DL and UL TTI Length Management  
[bookmark: DocumentFor]Document for:	Discussion and Decision
1	Introduction
In RAN1 #87, the following agreements were reached:
Agreements:
· For a given UE, the same DL sTTI length is configured for the serving cells within the same PUCCH group for which sTTI operation is configured.
· FFS on across two PUCCH groups
· For a user capable of supporting sTTI, the following {DL,UL} configurations are supported:
· {2,2} and {7,7}.
· Working assumption on support of {2,7}. 
· The working assumption is to be confirmed in RAN1 #88 if no significant issues (including no obvious performance gain) are identified.

In this contribution paper, we consider both {2,7} as well as {2,14} DL-UL configurations, and investigate the latency vs. coverage tradeoff achieved by each configuration. Further, we discuss the impact of adopting asymmetric DL-UL TTI length configurations across different PUCCH groups. 
2	Discussion
2.1    Latency Analysis of {2,7} and {2,14} DL-UL sTTI length configurations
In this section, we investigate the impact of adopting a 1-slot sPUCCH and 1ms PUCCH, while the DL uses a 2-symbol sTTI, on system overall latency. For the comparison, we consider the {3,2,2,2,2,3} pattern in the DL and UL. 
Assuming the  HARQ timing is adopted for the 2-symbol operation, the delay gaps between the DL transmission and the UL transmission in terms of the number of OFDM symbols are listed in Table 1 for both {2,2} and {2,7} configurations. As shown in Table 1, assuming the  HARQ timing, the average HARQ delay is 6.66 symbols if {2,2} configuration is adopted, and the average HARQ delay is 9.33 symbols if {2,7} configuration is adopted. In other words, the price of using a longer sTTI in the UL in this case is increasing the DL HARQ timing by about 190us.
Next, in order to have a better understating of the overall latency of a system when a longer TTI is used in the uplink, it is important to also consider the scheduling delay, i.e., the time gap between sending the ACK/NAK and the next possible re-transmission. Once the ACK/NAK is received, an eNB has to perform the required processing in order to either prepare a new packet or retransmit a new version of the previous packet. However, since a longer sTTI is used in the UL, regardless of the fact that a 2-symbol sTTI is used in the DL, certain processing operations, such as channel estimation or (s)PUCCH decoding, cannot be completed faster at the eNB. Hence, the scheduling timing could be set based on the UL sTTI length. An example of scheduling timing under the {2,7} configuration is shown in Figure 1. As shown in the figure, if the re-scheduling timing follows the timing rule, the gap between the UL transmission and the re-transmission is 1.5ms. To reduce the latency, hence, when UL TTI length is longer than the DL sTTI length, a shortened processing timing should be considered at the eNB. As an example, as shown in the figure, the timing could be based on either or  rules. 
Table 1: DL-UL Gap in terms of the #OFDM symbols under the {2,2} and {2,7} configurations.
	sTTI Index
	Gap (# Symbols) under {2,2}
	Gap (# Symbols) under {2,7}

	0
	6
	11

	1
	6
	9

	2
	7
	7

	3
	8
	12

	4
	6
	10

	5
	7
	7
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Figure 1: ACK/NAK to re-transmission latency.


Table 2 compares the HARQ RTT for {2,2}, {2,7}, and {2,14} DL-UL configurations under different processing timing (PT) rules at the UE and eNB. Note that the HARQ timing is based on the DL sTTI length, and the scheduling timing is based on the UL sTTI length.
Based on these results, we therefore have that:
Proposal 1: Adopt a shortened processing timing based on the UL (s)TTI length at the eNB when asymmetric DL-UL TTI lengths are configured.
The average RTT under the {2,14} DL-UL TTI configuration can further be reduced if cross-subframe DL sTTI grouping becomes feasible. This is shown in Figure 2, where the sTTIs within the second slot of subframe  and the ones within the first slot of subframe  are grouped, and mapped to a single 1ms PUCCH. If this approach is adopted, the average RTT of a {2,14} configuration with HARQ timing of  and scheduling timing of  can be reduced to 2.57ms. In particular, compared to the average RTT listed in Table 2, this approach reduces the average RTT by 1ms.
Proposal 2: If {2,14} DL-UL TTI length configuration is adopted, allow for cross-subframe sTTI grouping and UL PUCCH mapping.




Table 2: Average RTT for different {DL,UL} TTI length configurations.
	DL-UL Configuration
	PT at UE
	PT at eNB
	Average RTT

	{2,2}
	
	
	1.26ms

	{2,2}
	
	
	1.91ms

	{2,7}
	
	
	1.8ms

	{2,7}
	
	
	2.3ms

	{2,7}
	
	
	2.8ms

	{7,7}
	
	
	4ms

	{2,14}
	
	
	3.57ms
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Figure 2: Cross-subframe sTTI grouping, and PUCCH mapping udenr the {2,14} configuration.


Another aspect to consider when the DL and UL TTI lengths are unequal is that a longer (s)PUCCH requires more time for transmission preparation. This is because a longer (s)PUCCH has to carry a larger number of bits in the UL as compared to a 2-symbol sPUCCH. Hence, in this case, the TA value as well as the processing timing could be chosen differently if a longer UL sTTI is configured. As an example, the processing timing could be larger when the {2,14} DL-UL TTI length is configured as compared to the case when the {2,2} configuration is assumed.
Proposal 3: Choose the maximum TA value and the processing timing based on whether the identical or unequal TTI length are configured in the DL and UL.  
2.2    UL Coverage Analysis of {2,7} and {2,14} DL-UL sTTI length configurations
The main reason to consider a longer (s)TTI length in the UL than that of the DL is to improve the UL coverage. Hence, it is essential to investigate how, and by how much, the UL coverage can be enhanced if the {2,7} or {2,14} configurations is adopted.
First, note that under the {2,2} configuration, each DL sTTI is mapped to one UL sTTI. However, under the {2,7} and {2,14} configurations, the number of sTTIs mapped to each uplink (s)TTI is, respectively, 6 and 12. Hence, the uplink payload size increases by a factor of 6 and 12 if these configurations are assumed. In Figure 3 and 4, we compare the UL performance under the {2,2} configuration according to the UL sPUCCH designs as presented in [1] with those of the {2,7} and {2,14} assuming PUCCH format 3 is adopted (Note that the 1-slot sPUCCH design is the same as that of the legacy, but is constrained to one slot only.) In both figures, the payload size increases as a function of the TTI length so that the coding rate remains identical across different cases.
[image: ]
Figure 3: BER vs. SNR for 2-symbol, 1-slot, and 1ms PUCCH with different payload sizes.
[image: ]
Figure 4: BER vs. SNR for 2-symbol, 1-slot, and 1ms PUCCH with different payload sizes.
As can be seen from both figures, when the payload size increases as a function of the UL TTI length, the {2,7} configuration does not bring tangible coverage enhancement. However, the {2,14} configuration considerably improves the UL coverage. 
In Figure 5, we consider the case where regardless of the UL TTI length, the payload size is fixed. For 2-symbol sPUCCH, again the schemes presented in [1] are considered. For 1-slot operation, the legacy PUCCH format 1a limited to the first slot is considered.
[image: ]
Figure 5: BER vs. SNR for 2-symbol, 1-slot, and 1ms PUCCH with identical payload sizes.
As shown in Figure 5, when the payload sizes are identical, both 1-slot and 1ms operations are considerably superior. In fact, at BER of 1%, the performance gain realized by adopting a 1-slot sTTI in the UL as compared to the 2-symbol sTTI is about 3dB. When a 1ms TTI is used, the performance gain is larger than 7dB.
Based on these results, we have:
Proposal 4: When a larger UL TTI length is configured, bundle the ACK/NAK bits.
2.3    Latency vs. coverage tradeoff 
In this section, we summarize the observations made in Sections 2.1 and 2.2. To find the best latency-coverage tradeoff, we consider the following cases:
· {2,2} configuration with  processing timing at both the UE and eNB.
· We consider the performance of a 2-symbol sPUCCH under scheme 3.
· {2,7} configuration with  processing timing at the UE and  processing timing at the eNB.
· {2,14} configuration with  processing timing at the UE and  processing timing at the eNB.
· In this case, the cross-subframe sTTI grouping scheme, as explained in Section 2.1, is considered.

In all the considered case, the HARQ ACK/NAK payload size is 1bit. The results are summarized in Table 3.
Table 3: Latency vs. coverage tradeoff under different DL and UL TTI lengths.
	DL-UL Configuration
	Latency loss compared to {2,2}
	Coverage gain (at 1% BER) compared to {2,2}

	{2,7}
	1.42ms
	3dB

	{2,14}
	2.03ms
	>7dB


Based on the results presented in Table 3, the latency loss caused by adopting the {2,14} configuration as compared to the {2,7} configuration is not significant. However, the {2,14} configuration enhances the UL coverage considerably. Hence we have: 
Proposal 5: Consider supporting the {2,14} DL-UL TTI length configuration in low latency systems. 
3	TTI Length in UL CA
In RAN1 #87, it was agreed to consider the same DL sTTI length across all CCs within a given PUCCH group. However, if asymmetric DL-UL TTI length configurations are adopted, it may happen that the UL TTI lengths are different across different PUCCH groups. As an example, the {2,2} configuration may be used in the first PUCCH group, while the {2,14} configuration may be used in the second PUCCH group. The disparity in the UL TTI lengths makes the UL power assignment complicated. In order to tackle this issue, different approaches may be considered. One way is to consider a semi-static power splitting approach across different PUCCH groups. The second approach is to only allow for the same UL TTI length to be used across the PUCCH groups.
Proposal 6: Further study the UL TTI length management across different PUCCH groups. 
4	Conclusions
Proposal 1: Adopt a shortened processing timing based on the UL (s)TTI length at the eNB when asymmetric DL-UL TTI lengths are configured.
Proposal 2: If {2,14} DL-UL TTI length configuration is adopted, allow for cross-subframe sTTI grouping and UL PUCCH mapping.
Proposal 3: Choose the maximum TA value and the processing timing based on whether the identical or unequal TTI length are configured in the DL and UL.  
Proposal 4: When a larger UL TTI length is configured, bundle the ACK/NAK bits.
[bookmark: _GoBack]Proposal 5: Consider supporting the {2,14} DL-UL TTI length configuration in low latency systems. 
Proposal 6: Further study the UL TTI length management across different PUCCH groups. 
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