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[bookmark: _Ref480787846]Introduction
During RAN1#88, the following agreement were made. 
	Agreement:
· For up to 2-bit ACK/NACK and SR (if any), the 2-symbol sPUCCH format is down-selected between
· Option 1: sequence based
· Option 1a: ACK/NACK are indicated by different combinations of cyclic shifts on symbols, with the cyclic shifts on all symbols in each combination are NOT all the same.
· Option 1b: ACK/NACK are indicated by different cyclic shifts, with the same cyclic shift on all symbols.
· Option 2: DMRS based
· Option 2a:  TDM of 1 DMRS symbol and 1 or 2 data symbols
· Option 2b: DMRS sequence and data sequence are transmitted on the same symbol with different cyclic shifts.



In this discussion paper we present our observation and proposal for sPUCCH design in 2os and 7os. We detail proposals for 2os and 7os sPUCCH formats, RS placements, UCI content, design options and additional aspects.
[bookmark: _Ref178064866]Discussion
General considerations
A short PUCCH, sPUCCH, should be introduced to support HARQ for short DL transmissions, for fast SR, and, also catering for CA and TDD support. The sPUCCH resources should not cross the slot border to allow for allocation hopping. To save time and facilitate the design of the needed sPUCCH formats, it is beneficial to reuse existing PUCCH format designs as much as possible.
[bookmark: _Toc478056825][bookmark: _Toc478056942][bookmark: _Toc478059831][bookmark: _Toc478067979][bookmark: _Toc478071636][bookmark: _Toc478071805][bookmark: _Toc465877212][bookmark: _Toc465877297][bookmark: _Toc465877458][bookmark: _Toc465877496][bookmark: _Toc465878862][bookmark: _Toc465956989][bookmark: _Toc466047484][bookmark: _Toc466047678][bookmark: _Toc473027584][bookmark: _Toc473037113][bookmark: _Toc473040668][bookmark: _Toc473049416][bookmark: _Toc473097237][bookmark: _Toc473551132][bookmark: _Toc474167450][bookmark: _Toc474168450][bookmark: _Toc474168544][bookmark: _Toc474168726][bookmark: _Toc474168765][bookmark: _Toc476838967][bookmark: _Toc476839391][bookmark: _Toc477773965][bookmark: _Toc478056826][bookmark: _Toc478056943][bookmark: _Toc478059832][bookmark: _Toc478067980][bookmark: _Toc478071637][bookmark: _Toc478071806][bookmark: _Toc478143030][bookmark: _Toc478143049][bookmark: _Toc480481058][bookmark: _Toc480481343][bookmark: _Toc480788306][bookmark: _Toc480788421][bookmark: _Toc480898895][bookmark: _Toc480984790][bookmark: _Toc480984814][bookmark: _Toc480992478][bookmark: _Toc481685077][bookmark: _Toc481685444][bookmark: _Toc481759170][bookmark: _Toc481759192][bookmark: _Toc481760361][bookmark: _Toc481760533][bookmark: _Toc481760661][bookmark: _Toc481760727][bookmark: _Toc481761564][bookmark: _Toc478056827][bookmark: _Toc478056944][bookmark: _Toc478059833][bookmark: _Toc478067981][bookmark: _Toc478071638][bookmark: _Toc478071807][bookmark: _Toc478056828][bookmark: _Toc478056945][bookmark: _Toc478059834][bookmark: _Toc478067982][bookmark: _Toc478071639][bookmark: _Toc478071808][bookmark: _Toc478056829][bookmark: _Toc478056946][bookmark: _Toc478059835][bookmark: _Toc478067983][bookmark: _Toc478071640][bookmark: _Toc478071809]Use existing PUCCH format designs as basis for sPUCCH format design.
UCI consists of HARQ, CSI and RI. CSI and RI are typically handled via PUSCH or PUCCH format 2 and are the subject of another contribution [4]. In LTE, HARQ in 1ms TTI is transmitted using PUCCH format 1, 3, 4 or 5 depending on the amount of payload to transmit.  
As mentioned in [4], CSI feedback is not foreseen as being transmitted periodically over sPUCCH, as no significant benefit is expected from periodic CSI feedback at the sTTI rate. However, aperiodic CSI over sPUSCH remains a possibility. It is worth noticing that CSI can be transmitted aperiodically over PUSCH in legacy and HARQ and RI can also be transmitted with PUSCH with or without data transmission.
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[bookmark: _Ref480988229]Up to 2 bits A/N
At RAN1#88b it was agreed to evaluate the 2/3os solutions on the table for sPUCCH (see Section 1, and each design option outlined in Annex A) with the aim to conclude on a design.
	Agreement:
· For evaluation until RAN1#89 to conclude on sPUCCH format for up to 2 A/N bits (no design is excluded):
· Transient impact should be evaluated in the front and/or in the middle and/or at the end of the sPUCCH transmission
· Multi-user simulation
· Up to three users
· Same received power
· No common transient model unless RAN4 feedback is received



Apart from the simulated results, the following observations can be made based on the description of the options on the table in Annex A:
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Simulations have been carried out comparing option 1a/b with the shortened PUCCH design of option 2a (see Annex A).
Since no explicit model has been received from RAN4, the model used is outlined in Annex B. The simulation assumptions in Annex C have been followed.
Simulation results using a sequence based design based on cyclic shifts is presented in Annex D, see Table 3 and Table 4. Table 3 show results when modelling the FH transient with a linear interpolation model, Table 4 show the differences when instead modelling the FH transient with a model that zeros the samples inside the transient. It should be noted that these two models are not commonly agreed by RAN4 and might not accurately reflect the behavior in the transient region.
As can be seen degradation caused by transients are generally small relatively but can reach as high as -1.6 dB for 1-bit payload when the power imbalance between consecutive sTTIs are large. For 2-bit payload the corresponding degradation is -2.9 dB. Simulation results using a DMRS based format is shown in Table 6. Degradations caused by transients are generally smaller than for the resource selection scheme in Table 3 and Table 4. But even if the degradation is lower the operating point for the resource selection scheme is in the order of 2dB better because of the frequency hopping enabled by the resource selection scheme. Hence, the FH gains compensate for the additional loss in performance due to the added transient modeled in the hop. These conclusions could change if another model would be used to model the transient in the hop, as for example shown in [5], and as partly reproduced in Table 5.
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More than 2 bits A/N
In previous agreements during RAN1#88, it was agreed that for sPUCCH carrying more than 2-bit ACK/NACK and SR (if any) in 2os/3os sTTI, sPUCCH format based on PUCCH format 4 was supported with a QPSK modulation, no frequency hopping and no sequence spreading for data. One UL DMRS symbol was agreed, leaving 1 to 2 symbols for data. 
It has also been agreed for sPUCCH, see [3], in contrast to sPUSCH, that the DMRS placement for a given PUCCH format for a given UE uses a fixed DMRS placement. Considering the short duration of the 2os sPUCCH, the placement in terms of performance should have little impact from a channel propagation delay perspective. The transient period effects discussed above could have an impact, but the transient can also occur both in the beginning and in the end of the sTTI. Front-loading the DMRS does however have merits in the decoding performance of the high payload format (channel estimation can be performed in the first symbol). It is hence proposed to place the DMRS at the beginning of the sTTI.
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[bookmark: _Ref480991320]Formats for 7os
Up to 2 bits A/N
At RAN1#88b the following agreement was reached:
	Agreement:
The following sPUCCH format carrying up to 2 bits HARQ-ACK and SR (if any) is supported for 7-symbol sTTI:
	 
	sPUCCH format carrying up to 2 bits HARQ-ACK + SR (if any)

	DMRS sequence
	Reuse legacy DMRS sequence for PUCCH

	Intra-sTTI hopping
	Non-hopping, and, Hopping

	DMRS pattern
	No hopping: Reuse DMRS pattern of PUCCH format 1/1a/1b 
For down-selection:
· Hopping, option1: {D R D | D R R D} for the first slot, {D R R D | D R D} for the second slot
· Hopping, option 2: {D D R | R R D D} for the first slot, {D D R R | R D D} for the second slot
· Other options are not precluded

Note: OCC is not applied across hopping boundary

	Number of RBs for PUCCH resource
	1 RB






It is expected that the two different hopping options will have similar performance, even if transient effects are considered, hence it is proposed to simply pick one of them. Option 1 is slightly preferred due to the symmetrical placement of DMRS.
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More than 2 bits A/N
For 1 ms operation, there are five formats that carries more than 2 A/N bits today (PUCCH format 1 (2 A/N bits through channel selection), 2, 3, 4 and 5). These many formats are not required for sTTI operation but it is recommended to support one option with a high multiplexing capability to allow for efficient operation of sPUCCH, together with a format supporting even higher payload. 
This can be achieved by mimicking PUCCH format 3 using no FH. Also, to get the FH gains and still keep a higher multiplexing rate, PUCCH format 3 with FH should be defined.
In contrast to the format using up to 2 bits A/N, where the hopping pattern for 7os was chosen to ensure efficient multiplexing with the 2os design, this is not possible for the PUCCH format 3 like format. In addition, in case of SRS inclusion the frequency hopping gain is reduced if [4,3] hopping configuration would be applied. Also, it would not allow the use of OCC (only 1 data and one DMRS in case of SRS inclusion after the hop in the second slot). Hence it is proposed to adopt the hopping pattern [3,4] in both slots.
[bookmark: _Toc477980187][bookmark: _Toc478056865][bookmark: _Toc478056982][bookmark: _Toc478059871][bookmark: _Toc478067929][bookmark: _Toc478116057][bookmark: _Toc478117096][bookmark: _Toc478143415][bookmark: _Toc480992484][bookmark: _Toc481685083][bookmark: _Toc481685449][bookmark: _Toc481759175][bookmark: _Toc481759197][bookmark: _Toc481760366][bookmark: _Toc481760538][bookmark: _Toc481760666][bookmark: _Toc481760732][bookmark: _Toc481761569]A 7os sPUCCH format with up to 22 bits (dual RM) using either FH or no FH is supported using OCC (length 2 for FH and length 5 for no FH) on data and cyclic shift on DMRS to multiplex users
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[bookmark: _Toc480992486][bookmark: _Toc481685085][bookmark: _Toc481685451][bookmark: _Toc481759177][bookmark: _Toc481759199][bookmark: _Toc481760368][bookmark: _Toc481760540][bookmark: _Toc481760668][bookmark: _Toc481760734][bookmark: _Toc481761571]The 7os sPUCCH format carrying more than 2 bits using FH is using the same hopping configuration, {X X X | X X X X}, in both slots
Regarding the DMRS placement in a 7os hopping format, it should be placed to ensure quick processing of each hopping slot (i.e. not too late) and also ensure good performance at high UE speed (not too far away in time from the associated data symbols). 
Simulations have been run following the assumptions in Annex C comparing different DMRS placements, see Figure 1. The performance difference is captured in Table 1.
[bookmark: _Ref480989663]Table 1: Maximum performance difference comparing DMRS placement option 1 and option 2 
(see Figure 1)
	Payload (coding) [bits]

	Performance difference
(option 1 – option 2) [dB]

	
	EPA3
	EPA50
	EPA100

	5 (RM)
	0.0
	0.1
	0.1

	11 (RM)
	0.1
	0.1
	0.3

	17 (RM)
	0.1
	0.1
	0.3

	21 (RM)
	0.1
	0.1
	0.5

	25 (TBCC)
	0.1
	0.1
	0.2

	40 bits (TBCC)
	0.2
	0.2
	0.3



The performance difference is quite small except for the higher payload configurations and high speed scenarios where the simulated cases go up to 0.5 dB in performance difference.
Based on the above, it should be considered to place the DMRS in symbol index 0, or 1 of each hopping slot. Placing it in symbol index 0 provides somewhat faster processing at the eNB, while placing it in symbol index 1 provides better performance, the difference can be rather significant in case of high payload and high UE speed.


[bookmark: _Ref480988958]Figure 1: DMRS placement for 7os sPUCCH carrying more than 2 bit A/N
[bookmark: _Toc480992487][bookmark: _Toc481685086][bookmark: _Toc481685452][bookmark: _Toc481759178][bookmark: _Toc481759200][bookmark: _Toc481760369][bookmark: _Toc481760541][bookmark: _Toc481760669][bookmark: _Toc481760735][bookmark: _Toc481761572]Place the DMRS for 7os sPUCCH carrying more than 2 bit A/N in either symbol index 0 and 3, or, 1 and 4.
To support a higher payload number for the case of CA it is proposed to define a second format that does not make use of OCC and hence has inferior multiplexing rate compared to the format above. 
Based on simulated performance comparing TBCC with and without an 8 bit CRC, and considering that TBCC would be used for payload sizes above 22 bits, the current design of applying an 8 bit CRC seems appropriate also for sTTI. 
[image: R1_88_sPUCCH_over_payload]
Figure 2: 7os sPUCCH performance over different payload sizes
Since there is no multiplexing gain with using this format without frequency hopping, and since the performance is degraded due to a loss in frequency diversity, it is recommended not to support the non-hopping 7os sPUCCH design for this format. A possible benefit would be to only having to configure a single PRB for the 7os operation, but this does not justify a separate format to be specified in our view. 
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 (s)PUCCH format multiplexing
With the proposed designs in Section 2.2 and Section 2.3 the multiplexing options supported on the same physical resources are shown in Figure 3. PF1 refers to (s)PUCCH format 1 carrying up to 2 A/N bits, PF3 to (s)PUCCH format 3 carrying up to 22 bits and using OCC to multiplex users, and PF4 to (s)PUCCH format 4 using each RE to map uniquely coded data (i.e. no spreading to support multiplexing).


[bookmark: _Ref480992323]Figure 3: Multiplexing options for (s)PUCCH
Conclusion
References in the text [1].
Here there are two lists, one listing observations, and one listing proposals. Listing observations are not always needed, but listing proposals are always useful. To update a list, place the cursor inside the list and press F9. 
In section 2 we made the following observations:
Observation 1	A sequence based design or a design based on data/DMRS superposition will reduce the overall multiplexing capacity of sPUCCH
Observation 2	Option 1a and 1b is expected to have similar performance
Observation 3	In most scenarios, resource usage is inefficient in case of IFDMA based design spanning multiple PRBs
Observation 4	The frequency hopping gain with an IFDMA design is, to a large extent, dependent on the propagation channel
Observation 5	The performance of a FH based design is negatively impacted by a transient period in the hop (with the model used). The gain by FH does however exceed the loss due to the additional transient
Observation 6	For 2os sTTI, placing the DMRS in the first position is beneficial for faster eNB processing

Based on the discussion in section 2 we propose the following:
Proposal 1	Use existing PUCCH format designs as basis for sPUCCH format design.
Proposal 2	The transmission of non-HARQ UCI over sPUCCH should not be supported (mapping of non HARQ UCI should be on sPUSCH or 1ms TTI PUSCH/PUCCH).
Proposal 3	Adopt option 1a/1b or 2a (1 PRB design) for sPUCCH with up to 2 bits A/N
Proposal 4	For 2os sPUCCH with more than 2 bits A/N, place the DMRS in the first symbol position in each sTTI
Proposal 5	Hopping option 1 is slightly preferred over option 2 for 7os sPUCCH format with up to 2 bits A/N
Proposal 6	A 7os sPUCCH format with up to 22 bits (dual RM) using either FH or no FH is supported using OCC (length 2 for FH and length 5 for no FH) on data and cyclic shift on DMRS to multiplex users
Proposal 7	The 7os sPUCCH format with up to 22 bits using no FH is identical to the slot design of PUCCH format 3
Proposal 8	The 7os sPUCCH format carrying more than 2 bits using FH is using the same hopping configuration, {X X X | X X X X}, in both slots
Proposal 9	Place the DMRS for 7os sPUCCH carrying more than 2 bit A/N in either symbol index 0 and 3, or, 1 and 4.
Proposal 10	A 7os sPUCCH format carrying more than 22 bits using dual RM + TBCC w/ 8 bit CRC and FH is supported
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Annex A (design options)
Sequence based design (Option 1a/1b)
Sequence based design does not make use of DMRS based demodulation, but instead relies on a sequence detector. This means that coherence need not be supported between the two symbols, and hence frequency hopping can be supported. Multiple sequences are allocated to a single UE, and the selection of a certain sequence signals the content of the sPUCCH by resource selection. For example, a UE is allocated Cyclic Shift (CS) [0,3,6,9] and using CS0 would indicate [Ack, Ack] while using CS4 could indicate [Nack, Nack], for example.


Figure 4: Sequence based sPUCCH
It has been proposed that different symbols in the sTTI either have the same or different cyclic shift. The two options should have very similar performance. Both could use maximum likelihood sequence detection (i.e. detecting the two or three symbols as a sequence) and both have the same payload size.  It is worth noticing that this design is subject to additional RF transient impact compared to non-frequency hopping formats. 
Also, the design basically is based on channel selection which will result in a less resource efficient solution compared to not using channel selection (allocating one user multiple resources/cyclic shifts).
[bookmark: _Toc478056771][bookmark: _Toc478056888][bookmark: _Toc478059780][bookmark: _Toc478067946][bookmark: _Toc478071603][bookmark: _Toc478071772]Shortened PUCCH (Option 2a)
The shortened PUCCH design basically keeps the design of the 14 symbol PUCCH but limits the duration to 2 or 3 symbols due to the shorter sTTI.
Apart from that, the design is the same as in PUCCH, using for example DMRS based demodulation, and reusing the orthogonal sequences defined for PUCCH.
Since there are only 2 symbols used to transmit the sPUCCH, and coherent reception is used, frequency hopping cannot be supported within the sTTI.
[bookmark: _GoBack]The mapping could however shift frequency after each slot for better multiplexing with legacy PUCCH as well as provide diversity between sPUCCH blocks, see Figure 5.


[bookmark: _Ref480788390]Figure 5: Shortened legacy PUCCH
IFDMA based (Option 2a)
The IFDMA based design uses a sparser, but wider, frequency allocation to gain frequency diversity.
Each user is allocated a “comb“ and a reference signal to be used in the allocated comb. The data is also transmitted with a comb structure (not necessarily the same as the reference signal).



Figure 6: IFDMA based sPUCCH
The resource allocation of IFDMA will consume more frequency resources, making it unavailable for sPUSCH usage (in case sPUCCH is transmitted). This resource loss gets lower the more users that are simultaneously using the sPUCCH. However, using an IFDMA based design spanning multiple PRBs is not an efficient usage of resources at low to medium load scenario. It is also not possible to multiplex the design with the legacy PUCCH design. Also, when spreading out the transmission in frequency, the power per RE is reduced and for coverage limited scenarios, it could have a negative impact to synchronization/channel estimation.
Superposed DMRS and data (2b)
In this design the data and DMRS are superposed to be able to perform channel estimation on each frequency used by the sTTI. 


Figure 7: Superposed DMRS and data
[bookmark: _Toc478056774][bookmark: _Toc478056891][bookmark: _Toc478059783][bookmark: _Toc478056775][bookmark: _Toc478056892][bookmark: _Toc478059784][bookmark: _Toc478056776][bookmark: _Toc478056893][bookmark: _Toc478059785][bookmark: _Toc478056777][bookmark: _Toc478056894][bookmark: _Toc478059786][bookmark: _Toc478056778][bookmark: _Toc478056895][bookmark: _Toc478059787][bookmark: _Toc478056779][bookmark: _Toc478056896][bookmark: _Toc478059788][bookmark: _Toc478056780][bookmark: _Toc478056897][bookmark: _Toc478059789][bookmark: _Toc478056781][bookmark: _Toc478056898][bookmark: _Toc478059790][bookmark: _Toc478056782][bookmark: _Toc478056899][bookmark: _Toc478059791][bookmark: _Toc478056783][bookmark: _Toc478056900][bookmark: _Toc478059792][bookmark: _Toc478056784][bookmark: _Toc478056901][bookmark: _Toc478059793][bookmark: _Toc478056785][bookmark: _Toc478056902][bookmark: _Toc478059794][bookmark: _Toc478056786][bookmark: _Toc478056903][bookmark: _Toc478059795][bookmark: _Toc478056787][bookmark: _Toc478056904][bookmark: _Toc478059796]In this design, the DMRS cyclic shift is known, but the data symbol is now superimposed with the associated DMRS. As for the sequence based design, this allows for frequency hopping to be supported while the same possible implications from RF transient impact compared to non-hopping alternatives also apply in this case.
Furthermore, it is expected that new DMRS sequences would have to be designed to limit the negative impact of increased PAPR/CM when superimposing multiple signals.
Annex B (transient model)
Linear interpolation model
It is assumed that the transient applied in the front, and the end of the transmission is due to power changes between consecutive sTTIs. That is, no inter-sTTI interference is modeled. This model has also been used for the middle transient in case of FH, but in this case the power between the symbols is assumed to be the same.
Since charging/discharging of capacitors is characterized by an exponential function, the power change between consecutive sTTIs in the transient region is assumed to be modeled by a linear change of the power in dB-scale. Relating to the phase of the signal, since a PA has a non-ideal phase response over varying amplitudes (AM-PM), and since phase discontinuities can appear when changing the PA gain state, the phase is modeled by a linear interpolation between two random phase references (one for each sTTI).


[bookmark: _Ref480793464]Figure 8: Model of transient period in case of power change between sTTIs
In the simulations, when considering for example transient period in the beginning, sTTI A is not explicitly modelled in the simulator, but some assumptions are needed for it to get a correct model of the transient period for sTTI B. It is assumed that sPUSCH is preceding the sPUCCH transmission and that it is transmitted using 64QAM with a related target SNR of 20 dB.
An example is shown below with the target SNR of sPUCCH of 3 dB:
· sPUCCH 
· 3 dB target SNR 
· 1 PRB bandwidth 
· sPUSCH 
· 20 dB target SNR
· 25 PRB bandwidth
This results in a power difference between the two transmissions of 31 dB and hence the power level at the start of sTTI B is 16.5 dB higher than targeted. A case of 10 dB target SNR for sPUSCH is also modelled where the power level at the start of sTTI B is 10.5 dB
In case of frequency hopping, the model is trickier, where the output power of the two symbols at the antenna connector are expected to be the same. However, there could be different levels of insertion loss in the duplexer, depending on the frequency used, as well as a frequency dependent phase response of the front-end filter. It is here assumed that the same model is used as in Figure 8 but that there are no power variations. It can be questioned in a linear interpolation of the phase is appropriate to model a phase discontinuity that could in actuality happen. Also, a second model is considered, see Section 
Zeroing of samples
The transient period in the simulations is modelled as applying zero-IQ samples to the time domain transmitted signals. It could be argued that this better models a phase discontinuity that could happen in the frequency hop. Two different durations of the zeroing out of samples have been considered, 5us and 20us, where the main simulation results have been performed assuming 5 us. At current stage, the transient duration in RAN4 has been reduced to 20 us (although lowering of the duration might still be possible). Hence, modelling only impairments to the signal on 5 us could be questioned, but at the same time, to apply a zeroing out across the full transient period is pessimistic.

Annex C (simulation assumptions)
Table 2: Simulation assumptions
	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

	Channel coding (N/A for PF1 or resource selection schemes)
	RM
TBCC with CRC (8 bit)
TBCC without CRC

	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, when possible.

	2os design
	Sequence based, DMRS based.

	7os design
	DMRS based


Annex D (simulation results)
[bookmark: _Ref481685088]Table 3: Degradation caused by transients on cyclic shift based resource selection, FH transient model using linear model. Multiplexing of 3 UEs using different cyclic shifts.
	Adjacent sTTI Power Imbalance Ratio [dB]
	Transients [us]
	Degradation because of transients [dB]

	
	Start
	FH
(linear model)
	End
	Payload 1 bits 
	Payload 2 bits

	0
	0
	0
	0
	
	

	
	10
	0
	0
	0.0
	0.0

	
	0
	20
	0
	-0.2
	-0.3

	
	0
	0
	10
	-0.2
	-0.3

	
	10
	0
	10
	-0.2
	-0.3

	
	10
	20
	10
	-0.4
	-0.7

	18.8

	0
	0
	0
	
	

	
	10
	0
	0
	0.0
	0.0

	
	0
	20
	0
	-0.2
	-0.3

	
	0
	0
	10
	-0.1
	-0.4

	
	10
	0
	10
	-0.2
	-0.4

	
	10
	20
	10
	-0.4
	-0.8

	33.8
	0
	0
	0
	
	

	
	10
	0
	0
	-0.1
	-0.1

	
	0
	20
	0
	-0.2
	-0.3

	
	0
	0
	10
	-0.9
	-1.7

	
	10
	0
	10
	-1.2
	-2.1

	
	10
	20
	10
	-1.6
	-2.9



[bookmark: _Ref481685092]Table 4: Degradation caused by transients on cyclic shift based resource selection, FH transient model using zeroing of 5us of samples. Multiplexing of 3 UEs using different cyclic shifts.
	Adjacent sTTI Power Imbalance Ratio [dB]
	Transients [us]
	Degradation because of transients [dB]

	
	Start
	FH
(zeroing model)
	End
	Payload 1 bits 
	Payload 2 bits

	0
	0
	0
	0
	
	

	
	0
	5
	0
	-0.2
	-0.1

	
	10
	5
	10
	-0.4
	-0.5

	18.8
	0
	0
	0
	
	

	
	0
	5
	0
	-0.2
	-0.1

	
	10
	5
	10
	-0.3
	-0.6

	33.8
	0
	0
	0
	
	

	
	0
	5
	0
	-0.2
	-0.1

	
	10
	5
	10
	-1.4
	-2.3



[bookmark: _Ref481760743]Table 5: Degradation caused by transients on cyclic shift based resource selection, FH transient model using zeroing of 20 us of samples. Multiplexing of 3 UEs using different cyclic shifts.
	Adjacent sTTI Power Imbalance Ratio [dB]
	Transients [us]
	Degradation because of transients [dB]

	
	Start
	FH
(zeroing model)
	End
	Payload 1 bits 
	Payload 2 bits

	0
	0
	20
	0
	-
	-1.3



[bookmark: _Ref481685242]Table 6: Degradation caused by transients on DMRS based format. Multiplexing of 3 UEs using different cyclic shifts.
	Adjacent sTTI Power Imbalance Ratio [dB]
	Transients [us]
	Degradation because of transients [dB]

	
	Start
	End
	Payload 1 bits 
	Payload 2 bits

	0
	0
	0
	
	

	
	10
	0
	-0.1
	-0.1

	
	0
	10
	-0.2
	-0.3

	
	10
	10
	-0.2
	-0.3

	17.1
	0
	0
	
	

	
	10
	0
	0.0
	-0.2

	
	0
	10
	0.0
	-0.4

	
	10
	10
	0.0
	-0.5

	31.1
	0
	0
	
	

	
	10
	0
	-0.2
	-0.5

	
	0
	10
	-0.2
	-1.3

	
	10
	10
	-0.3
	-2.3
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