
3GPP TSG-RAN WG1 Meeting #88
R1-1703248
Athens, Greece 13th - 17th February 2017
Agenda Item:
5
Source:
Ericsson
Title:
Performance implication of sTTI operation on UL ON/OFF time mask 


(associated with incoming LS in R1-1701563)
Document for:
Discussion, Decision
1 Introduction

At RAN1#88 an incoming LS in [3] from RAN4 informs RAN1 about ON/OFF masks under discussion for sTTI (the LS sent as a response to the LS in [4] from RAN1#86bis). The exact duration of the transient period is not agreed yet in RAN4 but the value used as basis for discussion lies between 20us to 40us per the reply LS.
In this contribution, we discuss the impact of the on/off mask on the UL performance of 2os and 7os TTI.

It is concluded that specifically the 2os sTTI is extremely sensitive to the transient period duration and that the benefit of the 2os design would largely depend on the final transient period adopted by RAN4.
2 Discussion
2.1 LS response
According to the reply LS (see [3]), the general mask is placed outside the 2os TTI, see Figure 1. The general mask applies in case there are no transmissions preceding or succeeding the sTTI.
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Figure 1: General mask for sTTI

In case of consecutive TTIs with power changes between them there is a middle transient period of [20‑40µs], see Figure 2. This means that between 7% and 15% of the 2os sTTI is affected by the transient period. In case the transient period occurs at the beginning of the sTTI, the symbol is protected by the cyclic prefix, resulting in “only” between 4% and 11% of the symbol being impacted in this case (assuming a CP of 4.7 us). It should however be noted that on a time dispersive channel, this loss in CP protection will lead to loss of orthogonality causing ISI, leading to degraded performance.
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Figure 2: Consecutive sTTIs with power changes between them, alt 1
The reply LS also gives cases where the ramping up is at the beginning of the 2os TTI. This leads to again 11 % of both sTTIs being affected by the transient period (and further possible loss in orthogonality due to the loss in cyclic prefix).
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Figure 3: Consecutive sTTIs with power changes between them, alt 2
2.2 Current ON/OFF mask definitions
The LS proposes possible values for the transient period in case of single sTTI and consecutive sTTI scheduling without frequency hopping. In the current specification (see 3GPP TS 36.101, sub-clause 6.3.4) there are more cases defined, which also should be covered in sTTI operation:

1. Intra-sub frame frequency hopping (applies in LTE to both PUCCH and PUSCH. TBD if applicable to both sPUCCH and sPUSCH)

2. sTTI transmission preceding SRS

3. sTTI transmission succeeding SRS

4. sTTI transmission preceding and succeeding SRS

5. sTTI transmission preceding and succeeding SRS blanking

6. SRS transmission
All these cases should be covered for sTTI operation before the performance impact can be properly estimated.

Observation 1 There are several ON/OFF mask options that are not yet covered in the response LS that should be defined before performance impact can be quantified properly.
Proposal 1 Ask RAN4 to provide ON/OFF mask definitions to all cases foreseen for sTTI operation.
2.3 sPUCCH performance (2os/7os)
In this section some performance evaluations have been performed for sPUCCH using either the 2os or 7os sTTI design. Short TTI formats based on both format 1 and format 3 have been simulated, and for format 1, both a single-user and a multi-user scenario are investigated.
2.3.1 Format 1
The impact to sPUCCH performance has been simulated for both 2os and 7os design for sPUCCH format 1b. The simulations are listed in the Annex in Table 4. The transient period in the simulations is modelled as applying zero-IQ samples to the time domain transmitted signals, where the length corresponds to the transient period, and the location is either placed at the start (ds), the middle (dm), and/or at the end (de) of the sTTI, see Figure 4. Hence, in case middle transient period is assumed, this does not refer to the transient period shown in Figure 2 from the LS (which is between sTTI:s), but corresponds to the case of intra-frequency hopping (case 1 in Section 2.2).
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Figure 4: Transient period location and duration for 2os sTTI

In Figure 5 the different transient periods simulated are shown below the bars using three values representing (from top to bottom):

· de
· dm
· ds
 The duration of each transient period is in us.
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Figure 5: Impact on sPUCCH format 1b performance from transient period
As can be seen, the 7os performance is much less impacted by the applied transient period. The performance degradation using the current transient periods is slightly above 1 dB at the most, in case SRS is preceding or succeeding the sPUCCH and frequency hopping is used within the sTTI ([0,40,40] and [40,40,0]). In case of 2os sPUCCH with SRS preceding or succeeding the sTTI ([40,0,0] and [0,0,40]), the performance collapses for the same cases with a performance loss of roughly 5-6 dB (only up to 6 dB is shown in the figure). For 2os it is assumed that no frequency hopping is used in this comparison (middle value set to 0). For a performance evaluation of the 2os sPUCCH with frequency hopping, see [5].

Observation 2 7os sPUCCH is much less sensitive to transient period impacts than 2os sPUCCH.
Observation 3 Even with the current transient periods, the sPUCCH format 1 performance loss in a single user scenario is limited to slightly above 1 dB for 7os sPUCCH, while the performance loss for 2os sPUCCH is around 5-6 dB.
Using for example mask alternative 1 (Figure 2) for the case of consecutive sTTIs the performance for 2os sTTI would be degraded by 0.9 dB to 1.9 dB for 2os sPUCCH for the 20us or 40us case which is left open in the LS) in case the transient period happens in the end of the sTTI ([10,0,0] or [20,0,0]), while the degradation is 0.4 dB and 1.3 dB if applied at the start ([0,0,10] or [0,0,20]). The corresponding performance loss for 7os sPUCCH is only 0.1-0.2 dB (with no FH).

With mask alternative 2 and a transient period in each of the sTTIs of 20us in the beginning, the performance degradation of 2os sPUCCH is 1.3 dB, while for 7os it is 0.2 dB or 0.9 dB, depending on if frequency hopping is used or not (here it is assumed that the current transient period in case of frequency hopping is kept. It should be noted that this is still for RAN4 to discuss).

Observation 4 Even with the currently proposed transient period discussed in RAN4 (from the received LS) the performance loss for the 2os sPUCCH format 1b in a single-user scenario is up to 1.9 dB, depending on mask alternative used.

It should be noted that all performance evaluations above have been performed assuming a single user scenario. However, in case of sPUCCH format 1b, multiple users will be multiplexed using different cyclic shifts (CS). The impact from the transient period will not only result in less energy received, and a corrupt channel estimate, but will also result in a lost orthogonality between simultaneously transmitting UEs.

This has been evaluated in Figure 6 for 2os sPUCCH, where 1, 2 or 4 UEs have been assigned to transmit on the same physical resource using different CSs (chosen to maximize the distance between them). The received power for the different users are either at the same power (0 dB) or that the paired users are received with a 3 dB higher power level (-3 dB). The case investigated is applying a transient period of 20us at the beginning of the sTTI (mask alternative 2, see Figure 3).
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Figure 6: Impact on 2os sPUCCH performance in a multi-user scenario (reference: single user)

As can be seen, the loss in orthogonality has a severe impact to the overall performance. With no transient period, the performance loss compared to the single user scenario is limited to 0.1 dB, even if there are three paired users all received with 3 dB higher power. However, when applying a 20 us transient period the performance degradation is very severe in all cases (degradation exceeding 6 dB is not shown). 

To understand the results, we can look at the 20us case with 2 users and 0 dB imbalance. Consider that the operating point for the 2os design is around 4 dB in SNR, increasing the operating SNR to 7 dB (degradation of 3 dB seen in the figure) and adding a second user at the same received power level, the effective SINR, if orthogonality is completely lost, would be -0.8 dB (i.e. 5 dB from the wanted operating point of 4 dB SNR). So, some orthogonality is still partly maintained, and if modelling the interfering user’s contribution to the SINR with an orthogonality factor (, it is still at around 0.2.

Observation 5 The loss in orthogonality for sPUCCH format 1b in a multi-user scenario is detrimental using a transient period of 20us in the start of the sTTI (other cases not investigated).
2.3.2 Format 3

Performance has also been investigated in case of using a Reed-Muller block code as in current PUCCH format 3. Payload sizes of 7 bits have been looked at when placing the mask in the beginning or the end of the sTTI (covers both alternative mappings in Figure 2 and Figure 3). Both 10us and 20us transient period have been looked at. Compared to format 1 which basically is a row of DMRS sequences being transmitted (some with a relative phase shift compared to the others), there is a clear difference in sPUCCH format 3 between a DMRS symbol and a payload symbol. Therefore, both [RD] and [DR] placement in the 2os sPUCCH has been investigated.
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Figure 7: Impact on 2os sPUCCH format 3 performance from transient period
For mask mapping alternative 1 (Figure 1), a transient period in the start or end is applied with a duration of between 10us or 20us. As can be seen, the performance is greatly impacted even in the case of 10us applied in the end. It should be noted that if the transient period is placed on the DMRS instead of the payload symbol, the performance loss is minimized.

In case of mapping option 1 (see Figure 2) the performance loss is up to 5.0 dB with a transient period of 20us, while being limited to 2.3 dB if the transient period is reduced to 10us. If further making sure that the transient period occurs over the DMRS, the performance loss can be limited to 0.9 dB.

Observation 6 The sPUCCH format 3 performance is greatly impacted depending on where the transient period is applied (DMRS or payload symbol). The transient period should preferably be placed over DMRS to minimize performance loss.
2.4 sPUSCH performance (2os)

In this section, we present the simulation results for power mask impacts on sPUSCH when the transient period is located inside a sTTI. The setup for the simulations can be found in the Annex (Section 6). In all the simulations, only 2os sTTI has been considered and each sTTI includes one data symbol and one DMRS symbol. The pattern for the sTTI is either [R D] or [D R]. In the simulations, we assume there is no UCI transmitted on sPUSCH.

The transient period in the simulations is modelled as for sPUCCH (see Section 2.3.1), i.e. the location of the transient period is either placed at the front or at the end of the TTI. The detailed BLER performance curves can be seen in the Annex (Section 8).
The maximum tolerant transient period durations for different on/off mask alternatives have been summarized in Table 1, assuming a maximum acceptable performance degradation for sPUSCH of 2 dB at 10% BLER.
It can be noted that not all transient period durations have been simulated (see cases simulated in the Annex, Section 8), so some of the stated transient period durations are extrapolated/interpolated estimates. This has however no impact on the overall observations/conclusions.
Table 1: Maximum transient period duration for a degradation of at most 2 dB

	Modulation
	Coding Rate
	Mask limit [us] for degradation of 2 dB targeting @10% BLER

	
	
	Mask at Front
	Mask at End

	
	
	[D R]
	[R D]
	[R D]
	[D R]

	QPSK
	1/3
	18
	<20
	18
	<20

	16QAM
	1/2
	12
	13
	16
	16

	16QAM
	3/4
	8
	13
	7
	10

	64QAM
	1/2
	13
	12
	11
	9

	64QAM
	5/6
	<5
	5
	5
	<5


As can be seen, a lower data MCS can tolerate a longer transient period on sPUSCH. The maximum transient period on sPUSCH depends on the data MCS, the configuration of sPUSCH ([R D] or [D R]), and the place where the transient period is applied (DMRS or the data symbol).

It can be noted that DMRS multiplexing has not been taken into account in the simulations, which might impact the performance.

The following can be observed from the table and the figures in the Annex:
Observation 7 There is a large performance degradation with a 20 us transient period (e.g. 5dB loss @ 10% BLER for 64QAM, R=1/2). For some scenarios, the system will have no throughput (e.g. 16QAM, R=3/4 and 64QAM, R=5/6). 

Observation 8 To limit the performance loss below 2 dB for all modulations and code rates simulated, a transient period shorter than 5 us is required.
Observation 9 The higher the data MCS, the more sensitive the system performance to the transient period.

Observation 10 It is better to place the mask at the front of the TTI (e.g. comparing 16QAM, R=3/4 with transient period in the front or in the end). This is due to the protection of the CP.

Observation 11 At least in case of no DMRS multiplexing it is better to place the transient period on a DMRS symbol than on a data symbol for the simulated QPSK and 16QAM MCSs. For 64QAM the opposite is generally true. 
3     Way forward

From the results shown it can be seen that the definition of the ON/OFF mask has much greater impact to overall performance the shorter the TTI is. For a 2os TTI the impact can be detrimental. RAN1 and RAN4 should work together to understand the issues to make the 2os design attractive. The 7os design is much more robust to the impact from the transient period (only a limited investigation of the 7os has been performed for sPUCCH format 1), although also this design would benefit from a reduced duration compared to what is currently specified. Hence any reduction in transient period should apply to both sTTI lengths.

Proposal 2 Any reduction of the transient period should apply to both sTTI lengths.
Based on above observations, it is important from a RAN1 perspective that RAN4 studies the feasibility of reducing the transient period. 

Proposal 3 Ask RAN4 to study the feasibility to reduce the transient period for sTTI operation.
As shown in Section 2.4 for 64QAM to be able to use at reasonably high code rate (i.e. reaching a higher peak throughput than high code rate 16QAM) the transient period should be reduced to around 5 us.

Proposal 4 RAN4 should aim at a transient period duration down to, and possibly below, 5 us for the sTTI feature using 64QAM to be operable at throughput levels that exceeds the ones achievable with 16QAM.
Given that the system performance with respect to transient period length is quite dependent of where the transient period is placed (on the DMRS or the data/payload symbols) it should be further explored whether keeping a flexible DMRS signalling together with ON/OFF masks definitions in RAN4 is feasible.
Proposal 5 Consider adjusting transient period adaptively depending on the sTTI format (for example DMRS placement, or modulation used).
4 Conclusion

In section 2 we made the following observations:
Observation 1
There are several ON/OFF mask options that are not yet covered in the response LS that should be defined before performance impact can be quantified properly.
Observation 2
7os sPUCCH is much less sensitive to transient period impacts than 2os sPUCCH.
Observation 3
Even with the current transient periods, the sPUCCH format 1 performance loss in a single user scenario is limited to slightly above 1 dB for 7os sPUCCH, while the performance loss for 2os sPUCCH is around 5-6 dB.
Observation 4
Even with the currently proposed transient period discussed in RAN4 (from the received LS) the performance loss for the 2os sPUCCH format 1b in a single-user scenario is up to 1.9 dB, depending on mask alternative used.
Observation 5
The loss in orthogonality for sPUCCH format 1b in a multi-user scenario is detrimental using a transient period of 20us in the start of the sTTI (other cases not investigated).
Observation 6
The sPUCCH format 3 performance is greatly impacted depending on where the transient period is applied (DMRS or payload symbol). The transient period should preferably be placed over DMRS to minimize performance loss.
Observation 7
There is a large performance degradation with a 20 us transient period (e.g. 5dB loss @ 10% BLER for 64QAM, R=1/2). For some scenarios, the system will have no throughput (e.g. 16QAM, R=3/4 and 64QAM, R=5/6).
Observation 8
To limit the performance loss below 2 dB for all modulations and code rates simulated, a transient period shorter than 5 us is required.
Observation 9
The higher the data MCS, the more sensitive the system performance to the transient period.
Observation 10
It is better to place the mask at the front of the TTI (e.g. comparing 16QAM, R=3/4 with transient period in the front or in the end). This is due to the protection of the CP.
Observation 11
At least in case of no DMRS multiplexing it is better to place the transient period on a DMRS symbol than on a data symbol for the simulated QPSK and 16QAM MCSs. For 64QAM the opposite is generally true.


Based on the discussion in section 2 we propose the following:
Proposal 1
Ask RAN4 to provide ON/OFF mask definitions to all cases foreseen for sTTI operation.
Proposal 2
Any reduction of the transient period should apply to both sTTI lengths.
Proposal 3
Ask RAN4 to study the feasibility to reduce the transient period for sTTI operation.
Proposal 4
RAN4 should aim at a transient period duration down to, and possibly below, 5 us for the sTTI feature using 64QAM to be operable at throughput levels that exceeds the ones achievable with 16QAM.
Proposal 5
Consider adjusting transient period adaptively depending on the sTTI format (for example DMRS placement, or modulation used).
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6 Annex (Simulation assumptions sPUSCH)

Table 2: Simulation assumptions for shortened PUSCH

	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	5MHz

	TTI length
	2 symbols

	Allocated bandwidth
	25 PRBs

	Channel model 
	EPA 3km/h

	Antenna configuration
	1Tx (UE), 2Rx (eNB)

	CP length
	Normal

	Transmission mode
	TM1 

	Receiver type
	MMSE

	Channel estimation
	Practical

	Link adaptation
	Disabled

	Modulation scheme
	QPSK, 16QAM, 64QAM

	HARQ retransmission
	Disabled

	Performance metrics
	BLER


Table 3: TBS for short TTI length for sPUSCH

	
	Coding rate
	MCS payloads

	QPSK 
	1/3
	200

	16QAM
	1/2
	600

	16QAM 
	3/4
	904

	64QAM
	1/2
	904

	64QAM 
	5/6
	1496


7 Annex (Simulation assumptions sPUCCH)

Table 4: Simulation assumptions for sPUCCH

	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	TTI length
	2, 7 symbols

	Channel model
	EPA

	UE speed
	3 km/h

	Antenna configuration
	1 Tx, 2 Rx

	CP length
	Normal

	Receiver type
	MMSE

	Channel estimation
	Practical

	sPUCCH format
	1b

	Performance metrics
	ACK missed detection probability 1%, 
NACK-to-ACK error probability 0.1 %, 
DTX-to-ACK probability 1%

Failed CRC check treats all bits as NACK

Registered SNR is where all metrics are fulfilled.

	Frequency Hopping
	Yes / No

	2os design
	DMRS based

	7os design
	DMRS based


8 Annex (sPUSCH performance)

In the following figures, the legend of “power mask front xx-us” means that the transient period is placed at the beginning of the TTI and the mask length is xx-us, while “power mask end” means that the transient period is at the end of the TTI. It should be noted that it is assumed that the receiver has knowledge on the power mask location and length.
The simulated BLER performance is shown in Figure 8 to Figure 12, with varying MCS (modulation and coding rate). The transient period is placed either at the front or at the end of each sTTI.
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Figure 8: QPSK rate 1/3, channel EPA 3km/h, transient period located at the front of each sTTI.
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Figure 9: 16QAM rate 3/4, channel EPA 3km/h, transient period located at the front of each sTTI.
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Figure 10: 16QAM rate 3/4, channel EPA 3km/h, transient period located at the end of each sTTI.
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Figure 11: 64QAM rate 1/2, channel EPA 3km/h, transient period located at the end of each sTTI.
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Figure 12: 64QAM rate 5/6, channel EPA 3km/h, transient period located at the end of each sTTI.

As seen in the figures, targeting at a BLER performance of 10%, having power mask located inside the sTTI will introduce degradations in most of the cases, and the degradation is proportional to the transient period length as well as the data MCS.
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