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[bookmark: _Ref480787846]Introduction
During RAN1#89, the following agreement were made regarding 7os sPUCCH:
	Agreement:
· For 7-symbol sPUCCH format carrying more than 2 HARQ bits, and SR, if any, PF4-based sPUCCH format is supported.
· PF4-based sPUCCH format:
	 
	PF4-based sPUCCH format

	Modulation
	QPSK

	DMRS sequence
	Reuse legacy DMRS sequence for PUCCH

	Intra-sTTI hopping
	FFS if hopping and/or no hopping is used

	DMRS pattern
	Non-hopping (if supported): Reuse DMRS pattern of PUCCH format 4
Hopping (if supported): 
{X X X | X X X X} for the first slot, {X X X X | X X X} for the second slot
· Note that the bar | indicates a hopping boundary and X can be either data or DMRS symbol
· FFS on DMRS pattern

	Number of RBs for PUCCH resource
	1 or multiple RBs




	· RAN1 down-select between the following three alternatives:
· Alt 1: No additional sPUCCH format is supported 
· Alt 2: Support in addition PF3-based 7OS sPUCCH
· Alt 3: Support in addition PF3-based, and PF5-based 7OS sPUCCH
· FFS: Coding methods 
· In case multiple formats are supported, FFS on format selection 
· PF5-based sPUCCH format details FFS.
· PF3-based sPUCCH format, if supported
	 
	PF3-based sPUCCH format

	Modulation
	QPSK

	DMRS sequence
	Reuse DMRS sequence for PUCCH format 3

	Intra-sTTI hopping
	Non-hopping, FFS: hopping

	DMRS pattern and OCC
	Non-hopping: Reuse DMRS pattern of PUCCH format 3 and OCC
Hopping: FFS on details if supported

	Number of RBs for PUCCH resource
	1 RB




	Agreement:
· For sPUCCH format carrying up to 2 bits and SR (if any), for 7-symbol sTTI, the following hopping pattern is supported
· {D R D | D R R D} for the first slot, {D R R D | D R D} for the second slot



Also, the following agreement and working assumption was taken relating to 2/3 os sPUCCH.
	Agreement:
· For sPUCCH carrying more than 2-bit ACK/NACK and SR (if any) in 2os/3os sTTI
· Reuse legacy DMRS sequence generation
· The DMRS is in the first symbol for 2/3OS sPUCCH
· the number of RB(s) is configured by higher layer signaling as a value from 1 to X, FFS X.
· FFS on whether IFDMA is used

	Working assumption:
· The sequence-based sPUCCH w/o DMRS is supported for up to two HARQ-ACK bits in 2OS sTTI and 3OS sTTI.
· ACK/NACK information map to different cyclic shifts (i.e., ACK and NACK are indicated based on cyclic shift index)
· The cyclic shifts on different sPUCCH symbols can be different due to cyclic shift randomization 
· Cyclic shift randomization is re-used from 1 ms operation to support multiplexing with legacy PUCCH
· Only frequency hopping between sPUCCH symbol(s) is supported (no FH is not supported). 
· 1 RB allocation per symbol
· FFS: How to handle SR + HARQ, hopping pattern, A/N information mapping to CS
· To be confirmed by RAN1#90



In this discussion paper, we present the remaining issues to be settled for sPUCCH design in 2os and 7os, including RS placements, UCI content, design options and additional aspects.
[bookmark: _Ref178064866]Discussion
UCI considerations
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.
[bookmark: _Toc478056830][bookmark: _Toc478056947][bookmark: _Toc478059836][bookmark: _Toc478067984][bookmark: _Toc478071641][bookmark: _Toc478071810][bookmark: _Toc478143031][bookmark: _Toc478143050][bookmark: _Toc480481059][bookmark: _Toc480481344][bookmark: _Toc480788307][bookmark: _Toc480788422][bookmark: _Toc480898896][bookmark: _Toc480984791][bookmark: _Toc480984815][bookmark: _Toc480992479][bookmark: _Toc481685078][bookmark: _Toc481685445][bookmark: _Toc481759171][bookmark: _Toc481759193][bookmark: _Toc481760362][bookmark: _Toc481760534][bookmark: _Toc481760662][bookmark: _Toc481760728][bookmark: _Toc481761565][bookmark: _Toc486604263][bookmark: _Toc489434653][bookmark: _Toc489434667][bookmark: _Toc489448156][bookmark: _Toc489457342][bookmark: _Toc489457769][bookmark: _Toc489457963][bookmark: _Toc489515540][bookmark: _Toc489516468][bookmark: _Toc489968909][bookmark: _Toc489968934][bookmark: _Toc490050314][bookmark: _Toc490053149][bookmark: _Toc490061639][bookmark: _Toc490063046][bookmark: _Toc490063066][bookmark: _Toc490063111][bookmark: _Toc490063250][bookmark: _Toc490229546][bookmark: _Toc478056831][bookmark: _Toc478056948][bookmark: _Toc478059837][bookmark: _Toc478067985][bookmark: _Toc478071642][bookmark: _Toc478071811][bookmark: _Toc478056832][bookmark: _Toc478056949][bookmark: _Toc478059838][bookmark: _Toc478067986][bookmark: _Toc478071643][bookmark: _Toc478071812][bookmark: _Toc478056833][bookmark: _Toc478056950][bookmark: _Toc478059839][bookmark: _Toc478067987][bookmark: _Toc478071644][bookmark: _Toc478071813][bookmark: _Toc478056834][bookmark: _Toc478056951][bookmark: _Toc478059840][bookmark: _Toc478067988][bookmark: _Toc478071645][bookmark: _Toc478071814][bookmark: _Toc478056835][bookmark: _Toc478056952][bookmark: _Toc478059841][bookmark: _Toc478067989][bookmark: _Toc478071646][bookmark: _Toc478071815][bookmark: _Toc478056836][bookmark: _Toc478056953][bookmark: _Toc478059842][bookmark: _Toc478067990][bookmark: _Toc478071647][bookmark: _Toc478071816]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).
[bookmark: _Ref489448553]Payload size considerations
To simplify the sPUCCH design in terms of coding and number of formats for the 2os and 7os sPUCCH, the payload size required to support should be considered.
The following aspects will have an impact on the number of payload bits that sPUCCH need to carry:
1. The maximum number of carriers allowed
2. The use of HARQ bundling
3. The number of codewords allowed per sTTI
4. The piggybacking of 1 ms HARQ in sPUCCH
5. The sTTI configuration (if {2,7} is used, 3 DL sTTIs need to be fed back in 1 UL sTTI)
6. CSI
1): In [8] it is proposed to limit the number of carriers for sTTI operation to 10 which provides a good trade-off between performance and complexity.
2) + 5): The use of HARQ bundling could have a negative impact on latency since it would mean that blocks that are received correctly would be retransmitted (reported as Nacked). Hence, bundling should be used with care. Based on system level results shown in Annex C, the case when bundling is used that results in unnecessary retransmissions in either spatial domain and/or time domain over multiple 2os sTTIs within one slot is limited to 12% at appropriate system load for 2os sTTI operation. 
[bookmark: _Toc489448153][bookmark: _Toc489457339][bookmark: _Toc489457766][bookmark: _Toc489457960][bookmark: _Toc489515537][bookmark: _Toc489516465][bookmark: _Toc489968906][bookmark: _Toc489968931][bookmark: _Toc490050311][bookmark: _Toc490053146][bookmark: _Toc490061635][bookmark: _Toc490063042][bookmark: _Toc490063062][bookmark: _Toc490063107][bookmark: _Toc490063246][bookmark: _Toc490229542]HARQ bundling in spatial domain and/or over DL sTTIs within a slot only results in unnecessary retransmissions in 12% of the cases.
It is hence proposed to apply HARQ bundling across DL sTTIs in case of sTTI configuration {2,7} in {DL,UL}. Considering that it is proposed to only allow 1 codeword over the DL layers, see [7], there would be no need for spatial bundling. If more than one codeword would be supported in the end, this assumption can be revisited.
[bookmark: _Toc489448157][bookmark: _Toc489457343][bookmark: _Toc489457770][bookmark: _Toc489457964][bookmark: _Toc489515541][bookmark: _Toc489516469][bookmark: _Toc489968910][bookmark: _Toc489968935][bookmark: _Toc490050315][bookmark: _Toc490053150][bookmark: _Toc490061640][bookmark: _Toc490063047][bookmark: _Toc490063067][bookmark: _Toc490063112][bookmark: _Toc490063251][bookmark: _Toc490229547]Apply HARQ bundling in case of sTTI configuration {2,7} in {DL,UL} over DL sTTIs within one slot.
3): As described in [7] and as also adopted in the NR design, it is proposed to limit the number of codewords per sTTI to one, which also reduces the payload required in sPUCCH.
4): It is still under discussion whether or not UCI from 1 ms can be piggybacked onto sTTI transmissions in case of collisions between UL TTI and sTTI channels, and if so, how the UCI is to be represented. Considering that the collision of sTTI/TTI is not expected to be a common case in network operation, that the piggybacking of 1 ms operation would have a negative impact on the sPUCCH performance, and that 1 ms operation is less sensitive to unnecessary retransmissions from a latency point of view, it is proposed that all HARQ bits from 1 ms operation are bundled in case piggybacked onto sTTI transmission.
[bookmark: _Toc489448158][bookmark: _Toc489457344][bookmark: _Toc489457771][bookmark: _Toc489457965][bookmark: _Toc489515542][bookmark: _Toc489516470][bookmark: _Toc489968911][bookmark: _Toc489968936][bookmark: _Toc490050316][bookmark: _Toc490053151][bookmark: _Toc490061641][bookmark: _Toc490063048][bookmark: _Toc490063068][bookmark: _Toc490063113][bookmark: _Toc490063252][bookmark: _Toc490229548]Bundle all HARQ bits to a single bit when/if 1 ms HARQ UCI is piggybacked onto sPUSCH/sPUCCH.
6): As proposed in [4], there is no strong argument to support periodic CSI reporting in sPUCCH, and would have a negative impact on the sPUCCH performance which is inferior to 1 ms PUCCH operation already due to the shorter transmission duration. Hence, Nno additional bits from CSI need hence notto  be added to the sPUCCH content.
Based on the above proposals the maximum payload size that could be expected to be carried by sPUCCH is 10 [carriers]*1 [1 codeword/sTTI] + 1 [SR bit] + 1 [1 ms HARQ] = 12 bits.
[bookmark: _Toc489448154][bookmark: _Toc489457340][bookmark: _Toc489457767][bookmark: _Toc489457961][bookmark: _Toc489515538][bookmark: _Toc489516466][bookmark: _Toc489968907][bookmark: _Toc489968932][bookmark: _Toc490050312][bookmark: _Toc490053147][bookmark: _Toc490061636][bookmark: _Toc490063043][bookmark: _Toc490063063][bookmark: _Toc490063108][bookmark: _Toc490063247][bookmark: _Toc490229543]The maximum UCI payload size required in sTTI operation can be limited to 12 bits.
This maximum payload size would apply to both 2os and 7os sPUCCH. This implies that only the Reed-Muller block code needs to be used and that there is no reason to use more than 1 RB for sPUCCH format 4 operation (is beneficial to carry a high number of bits). By the use of the Reed-Muller block code, there is also no reason to allow for a dynamic codebook size, and/or make use of the DAI functionality, except possibly for {2,7} operation [6], which reduces the DCI size required in sTTI operation.
[bookmark: _Toc489448155][bookmark: _Toc489457341][bookmark: _Toc489457768][bookmark: _Toc489457962][bookmark: _Toc489515539][bookmark: _Toc489516467][bookmark: _Toc489968908][bookmark: _Toc489968933][bookmark: _Toc490050313][bookmark: _Toc490053148][bookmark: _Toc490061637][bookmark: _Toc490063044][bookmark: _Toc490063064][bookmark: _Toc490063109][bookmark: _Toc490063248][bookmark: _Toc490229544]In case only Reed-Muller code is needed there is no need for multi-RB operation, dynamic codebook size, or DAI-functionality (except for possibly {2,7} operation).
[bookmark: _Ref480991312]Formats for 2/3os
[bookmark: _Ref480988229]Up to 2 bits A/N and potentially SR
At RAN1#89 a working assumption was taken regarding adopting the sequence based sPUCCH design for 2/3 os sPUCCH carrying up to 2 HARQ bits. The main reason for taking a working assumption and not taking an agreement was how the format would handle Scheduling Requests. 
One straight-forward design is to allocate 8 sequences to a single user (carrying the information of 2 HARQ bits and 1 SR bit). This, however, further reduces the multiplexing capability of the solution which already limits multiplexing between users compared to a shortened legacy format. The performance of an extended sequence allocation to support 3-bit payload has been evaluated for the single user case with respect to the ACK miss probability in Annex B, Figure 4. It is seen that the sequence based scheme performs 3 dB better than a DMRS based scheme using the Reed Muller code of PUCCH format 3.
[bookmark: _Toc490061638][bookmark: _Toc490063045][bookmark: _Toc490063065][bookmark: _Toc490063110][bookmark: _Toc490063249][bookmark: _Toc490229545]A sequence based scheme allocated 2 HARQ bits + 1 SR bit performs better than sending the three bits with a format using RM coding of the three bits
Still, the multiplexing rate is lowered using a sequence based approach together with SR. One could consider bundling of bit states to reduce the number of states, for example to 6 states, so that two users can be multiplexed on the same physical resource by the use of different cyclic shifts.
[bookmark: _Toc490061642][bookmark: _Toc490063049][bookmark: _Toc490063069][bookmark: _Toc490063114][bookmark: _Toc490063253][bookmark: _Toc490229549]If adopting a sequence based design for 2 bit HARQ together with SR, consider appropriate bundling of bit states to improve multiplexing efficiency
If a sequence based sPUCCH design is adopted it will use frequency hopping (see working assumption in Section 1). For the 3 symbol sPUCCH it needs to be decided at what symbol the hop takes place. Considering that the SRS can be included in the last symbol of the subframe, which coincides with a 3 symbol sTTI, the hope should take place after the first symbol to avoid losing FH gain.
[bookmark: _Toc486604264][bookmark: _Toc489434654][bookmark: _Toc489434668][bookmark: _Toc489448159][bookmark: _Toc489457345][bookmark: _Toc489457772][bookmark: _Toc489457966][bookmark: _Toc489515543][bookmark: _Toc489516471][bookmark: _Toc489968912][bookmark: _Toc489968937][bookmark: _Toc490050317][bookmark: _Toc490053152][bookmark: _Toc490061643][bookmark: _Toc490063050][bookmark: _Toc490063070][bookmark: _Toc490063115][bookmark: _Toc490063254][bookmark: _Toc490229550]In case sequence based 2/3 os sPUCCH format 1 is adopted and in case of 3 os sTTI, the frequency hop shall be carried out between the first and the second symbol
More than 2 bits A/N
It has already been agreed to adopt a format 4-based sPUCCH and several of the details in the design have been set. One of the main points of discussion is if IFDMA is to be adopted or not. There are two IFDMA-based solutions proposed, [9], [10].
In [9] 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).
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.
In [10] a new IFDMA based solution is proposed that allows more flexibility in the split between DMRS and data. This however comes at a cost of a somewhat higher PAPR (although link performance is also improved) and a new PHY processing procedure. If a more elaborative design compared to existing PHY processing procedures are to be investigated other solutions could also be considered, e.g. time multiplexing of DMRS and data in the same symbol. But, looking at more elaborative designs also mean a more complex feature including more efforts also in determining a design and specifying it. It is hence proposed to take a simple design approach and basically have sPUCCH format 4 be a short version of the existing PUCCH format 4, and by this, not adopt IFDMA based DMRS and data.
[bookmark: _Toc486604265][bookmark: _Toc489434655][bookmark: _Toc489434669][bookmark: _Toc489448160][bookmark: _Toc489457346][bookmark: _Toc489457773][bookmark: _Toc489457967][bookmark: _Toc489515544][bookmark: _Toc489516472][bookmark: _Toc489968913][bookmark: _Toc489968938][bookmark: _Toc490050318][bookmark: _Toc490053153][bookmark: _Toc490061644][bookmark: _Toc490063051][bookmark: _Toc490063071][bookmark: _Toc490063116][bookmark: _Toc490063255][bookmark: _Toc490229551]Adopt non-IFDMA based DMRS and data for sPUCCH format 4
Another aspect that is still to be decided is the number of RBs that sPUCCH format 4 would span. In legacy PUCCH format 4 there is the possibility to allocate up to 8 RBs. For sPUCCH format 4 however, taking the assumption in Section 2.2 into consideration, only a single RB is required which would simply the design.
[bookmark: _Toc486604266][bookmark: _Toc489434656][bookmark: _Toc489434670][bookmark: _Toc489448161][bookmark: _Toc489457347][bookmark: _Toc489457774][bookmark: _Toc489457968][bookmark: _Toc489515545][bookmark: _Toc489516473][bookmark: _Toc489968914][bookmark: _Toc489968939][bookmark: _Toc490050319][bookmark: _Toc490053154][bookmark: _Toc490061645][bookmark: _Toc490063052][bookmark: _Toc490063072][bookmark: _Toc490063117][bookmark: _Toc490063256][bookmark: _Toc490229552]Limit the RB allocation for 2/3os sPUCCH format 4 to 1 RB
sPUCCH performance for different payloads have been evaluated comparing the Reed Muller code of PUCCH format 3 and the Tail-biting convolutional coding (with CRC) of PUCCH format 4 (see Annex B). 
Figure 5 show the target SNR performance for an EPA 3km/h channel model. It is seen that Reed Muller coding outperform Tail-biting convolutional coding with CRC with more than 2 dB for low payload sizes. It is reasonable for 2os operation to apply the same payload switching point between RM and TBCC as in 1 ms operation, i.e. 22 bits.
[bookmark: _Toc489434657][bookmark: _Toc489434671][bookmark: _Toc489448162][bookmark: _Toc489457348][bookmark: _Toc489457775][bookmark: _Toc489457969][bookmark: _Toc489515546][bookmark: _Toc489516474][bookmark: _Toc489968915][bookmark: _Toc489968940][bookmark: _Toc490050320][bookmark: _Toc490053155][bookmark: _Toc490061646][bookmark: _Toc490063053][bookmark: _Toc490063073][bookmark: _Toc490063118][bookmark: _Toc490063257][bookmark: _Toc490229553]Use existing Reed Muller code for 2/3 symbol sPUCCH for more than 2 bits and less than or equal to 22 bits HARQ. Consider only TBCC for payload of more than 22 bits (if at all needed)
[bookmark: _Ref480991320]Formats for 7os
More than 2 bits A/N
For 1 ms operation, there are five formats that carry 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. 
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. Still, as per analysis in Section 2.2, there is no need to define a sPUCCH format that supports more than 22 bits, and hence only RM code is required to be used.
[bookmark: _Toc489457776][bookmark: _Toc489457970][bookmark: _Toc489515547][bookmark: _Toc489516475][bookmark: _Toc489968916][bookmark: _Toc489968941][bookmark: _Toc490050321][bookmark: _Toc490053156][bookmark: _Toc490061647][bookmark: _Toc490063054][bookmark: _Toc490063074][bookmark: _Toc490063119][bookmark: _Toc490063258][bookmark: _Toc490229554]Use existing Reed Muller code for 7 symbol sPUCCH for more than 2 bits and less than or equal to 22 bits HARQ. Consider only TBCC for payload of more than 22 bits (if at all needed)
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. 


Figure 1: Diversity comparison from FH with [4,3] and [3,4] pattern in second slot
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][bookmark: _Toc486604267][bookmark: _Toc489434658][bookmark: _Toc489434672][bookmark: _Toc489448163][bookmark: _Toc489457349][bookmark: _Toc489457777][bookmark: _Toc489457971][bookmark: _Toc489515548][bookmark: _Toc489516476][bookmark: _Toc489968917][bookmark: _Toc489968942][bookmark: _Toc490050322][bookmark: _Toc490053157][bookmark: _Toc490061648][bookmark: _Toc490063055][bookmark: _Toc490063075][bookmark: _Toc490063120][bookmark: _Toc490063259][bookmark: _Toc490229555]A 7os sPUCCH format with up to 22 bits (dual RM) using OCC (length 2 for FH and length 5 for no FH) on data and cyclic shift on DMRS to multiplex users (“sPUCCH format 3”) is supported
[bookmark: _Toc477980188][bookmark: _Toc478056866][bookmark: _Toc478056983][bookmark: _Toc478059872][bookmark: _Toc478067930][bookmark: _Toc478116058][bookmark: _Toc478117097][bookmark: _Toc478143416][bookmark: _Toc480992485][bookmark: _Toc481685084][bookmark: _Toc481685450][bookmark: _Toc481759176][bookmark: _Toc481759198][bookmark: _Toc481760367][bookmark: _Toc481760539][bookmark: _Toc481760667][bookmark: _Toc481760733][bookmark: _Toc481761570][bookmark: _Toc486604268][bookmark: _Toc489434659][bookmark: _Toc489434673][bookmark: _Toc489448164][bookmark: _Toc489457350][bookmark: _Toc489457778][bookmark: _Toc489457972][bookmark: _Toc489515549][bookmark: _Toc489516477][bookmark: _Toc489968918][bookmark: _Toc489968943][bookmark: _Toc490050323][bookmark: _Toc490053158][bookmark: _Toc490061649][bookmark: _Toc490063056][bookmark: _Toc490063076][bookmark: _Toc490063121][bookmark: _Toc490063260][bookmark: _Toc490229556]The 7os sPUCCH format with up to 22 bits using no FH is identical to the slot design of PUCCH format 3
[bookmark: _Toc480992486][bookmark: _Toc481685085][bookmark: _Toc481685451][bookmark: _Toc481759177][bookmark: _Toc481759199][bookmark: _Toc481760368][bookmark: _Toc481760540][bookmark: _Toc481760668][bookmark: _Toc481760734][bookmark: _Toc481761571][bookmark: _Toc486604269][bookmark: _Toc489434660][bookmark: _Toc489434674][bookmark: _Toc489448165][bookmark: _Toc489457351][bookmark: _Toc489457779][bookmark: _Toc489457973][bookmark: _Toc489515550][bookmark: _Toc489516478][bookmark: _Toc489968919][bookmark: _Toc489968944][bookmark: _Toc490050324][bookmark: _Toc490053159][bookmark: _Toc490061650][bookmark: _Toc490063057][bookmark: _Toc490063077][bookmark: _Toc490063122][bookmark: _Toc490063261][bookmark: _Toc490229557]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 A comparing different DMRS placements, see Figure 2. 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 2)
	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.


[bookmark: _Ref480988958]Figure 2: 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][bookmark: _Toc486604270][bookmark: _Toc489434661][bookmark: _Toc489434675][bookmark: _Toc489448166][bookmark: _Toc489457352][bookmark: _Toc489457780][bookmark: _Toc489457974][bookmark: _Toc489515551][bookmark: _Toc489516479][bookmark: _Toc489968920][bookmark: _Toc489968945][bookmark: _Toc490050325][bookmark: _Toc490053160][bookmark: _Toc490061651][bookmark: _Toc490063058][bookmark: _Toc490063078][bookmark: _Toc490063123][bookmark: _Toc490063262][bookmark: _Toc490229558]Place the DMRS for 7os frequency hopping sPUCCH carrying more than 2 bit A/N in symbol 1 and 4.
sPUCCH performance with and without frequency hopping for different payloads have been evaluated comparing the Reed Muller code of PUCCH format 3 (with and without OCC) and the Tail-biting convolutional coding (with CRC) of PUCCH format 4, see Annex B. As with 2/3os, there is a benefit of using Reed-Muller for lower payload sizes, at least for FH. The simplest approach, that also seems to provide acceptable performance is to use the same payload switch as used between RM and TBCC today, i.e. 22 bits.
[bookmark: _Toc489515552][bookmark: _Toc489516480][bookmark: _Toc489968921][bookmark: _Toc489968946][bookmark: _Toc490050326][bookmark: _Toc490053161][bookmark: _Toc490061652][bookmark: _Toc490063059][bookmark: _Toc490063079][bookmark: _Toc490063124][bookmark: _Toc490063263][bookmark: _Toc490229559]Use existing Reed Muller code for 7 symbol sPUCCH for more than 2 bits and less than or equal to 22 bits HARQ in case of FH. Consider only TBCC for payload of more than 22 bits (if at all needed)
If nFH is applied the RM code is not as efficient considering that the code is limited to 32 coded bits. Still at very low payload, the overhead from the CRC for example for a payload size of 3 bits is 267% which should be avoided (also link performance is inferior due to this reason). Hence, in case of nFH sPUCCH Format 4 one should consider the switch between RM and TBCC earlier than with FH. A suitable switch is to have it at 11-bits before the use of dual RM code. 
[bookmark: _Toc490061653][bookmark: _Toc490063060][bookmark: _Toc490063080][bookmark: _Toc490063125][bookmark: _Toc490063264][bookmark: _Toc490229560][bookmark: _GoBack]Use existing Reed Muller (RM) code for 7 symbol sPUCCH for more than 2 bits and less than or equal to 11 bits HARQ in case of nFH. Consider only TBCC for payload of more than 11 bits. If maximum payload allowed is close to 11 bits, RM can be used for higher payload sizes as well, as long as payload does not exceed 22 bits (TBCC need not be used in this case).
It can be noted that from the above reasoning in Section 2.2, such a format would not be needed (if already a high multiplexing format of sPUCCH format 3 with no FH is supported).
[bookmark: _Toc489516481][bookmark: _Toc489968922][bookmark: _Toc489968947][bookmark: _Toc490050327][bookmark: _Toc490053162][bookmark: _Toc490061654][bookmark: _Toc490063061][bookmark: _Toc490063081][bookmark: _Toc490063126][bookmark: _Toc490063265][bookmark: _Toc490229561]Consider using TBCC for sPUCCH format 4 in case of nFH, if the format is at all needed (i.e. if more than 22 bits of payload need to be supported)
 (s)PUCCH format multiplexing
With the proposed designs in Section 2.3 and Section 2.4 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). For 7os, PF4 is shown in dashed line since the need for it is questioned if not requiring more than 22 bits to be carried by sPUCCH, see Section 2.2.


[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	HARQ bundling in spatial domain and/or over DL sTTIs within a slot only results in unnecessary retransmissions in 12% of the cases.
Observation 2	The maximum UCI payload size required in sTTI operation can be limited to 12 bits.
Observation 3	In case only Reed-Muller code is needed there is no need for multi-RB operation, dynamic codebook size, or DAI-functionality (except for possibly {2,7} operation).
Observation 4	A sequence based scheme allocated 2 HARQ bits + 1 SR bit performs better than sending the three bits with a format using RM coding of the three bits

Based on the discussion in section 2 we propose the following:
Proposal 1	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 2	Apply HARQ bundling in case of sTTI configuration {2,7} in {DL,UL} over DL sTTIs within one slot.
Proposal 3	Bundle all HARQ bits to a single bit when/if 1 ms HARQ UCI is piggybacked onto sPUSCH/sPUCCH.
Proposal 4	If adopting a sequence based design for 2 bit HARQ together with SR, consider appropriate bundling of bit states to improve multiplexing efficiency
Proposal 5	In case sequence based 2/3 os sPUCCH format 1 is adopted and in case of 3 os sTTI, the frequency hop shall be carried out between the first and the second symbol
Proposal 6	Adopt non-IFDMA based DMRS and data for sPUCCH format 4
Proposal 7	Limit the RB allocation for 2/3os sPUCCH format 4 to 1 RB
Proposal 8	Use existing Reed Muller code for 2/3 symbol sPUCCH for more than 2 bits and less than 22 bits HARQ. Consider only TBCC for payload of more than 22 bits (if at all needed)
Proposal 9	Use existing Reed Muller code for 7 symbol sPUCCH for more than 2 bits and less than 22 bits HARQ. Consider only TBCC for payload of more than 22 bits (if at all needed)
Proposal 10	A 7os sPUCCH format with up to 22 bits (dual RM) using OCC (length 2 for FH and length 5 for no FH) on data and cyclic shift on DMRS to multiplex users (“sPUCCH format 3”) is supported
Proposal 11	The 7os sPUCCH format with up to 22 bits using no FH is identical to the slot design of PUCCH format 3
Proposal 12	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 13	Place the DMRS for 7os frequency hopping sPUCCH carrying more than 2 bit A/N in symbol 1 and 4.
Proposal 14	Use existing Reed Muller code for 7 symbol sPUCCH for more than 2 bits and less than 22 bits HARQ in case of FH. Consider only TBCC for payload of more than 22 bits (if at all needed)
Proposal 15	Use existing Reed Muller (RM) code for 7 symbol sPUCCH for more than 2 bits and less than 11 bits HARQ in case of nFH. Consider only TBCC for payload of more than 11 bits. If maximum payload allowed is close to 11 bits, RM can be used for higher payload sizes as well, as long as payload does not exceed 22 bits (TBCC need not be used in this case).
Proposal 16	Consider using TBCC for sPUCCH format 4 in case of nFH, if the format is at all needed (i.e. if more than 22 bits of payload need to be supported)
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Annex A (link level 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

	Number of PRBs
	1


[bookmark: _Ref490034722]Annex B (link level simulation results)
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[bookmark: _Ref487026992]Figure 4: Combined ACK to NACK and ACK to DTX, referred to as “ACK to error”, rate for 3-bit payload on 2 symbols, comparison between DMRS (Reed Muller) based and Sequence (cyclic shift) based. ACK to error is the limiting metric.
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[bookmark: _Ref489457384]Figure 5: Coding comparison. Top: 2os, Middle: 7os, FH, Bottom: 7os, nFH
Annex C (system level results)
System simulation results have been carried out to estimate the percentage of inefficient bundling, that is, unnecessary retransmissions due to reporting a NACK instead of an ACK for the case of applying bundling either in spatial domain and/or time domain. Figure 8 depicts the median results for all the users operating on 2os sTTI at different system loads (scenario and system parameters are described in 7.1.1 and 7.1.2). 
For spatial bundling, the inefficient bundling is based on those cases where a received sPDSCH comprised the transmission of two codewords and one of them was correctly decoded and the other one not. For that, the results show that up to medium load the inefficient spatial bundling remains below 10%. For time bundling, the inefficient bundling is based on those cases where consecutive sPDSCH were received (two or three consecutive sPDSCH within the same slot) and the decoding result between them was different. For instance, an inefficient time bundling was considered when one sPDSCH received in sTTI n-1 was correctly decoded but the sPDSCH received in sTTI n was not. The results show that for the case of two and three consecutive DL sTTI the inefficient bundling is below 10% and 15% respectively.
[image: ]
Figure 6: Impact on bundling


Scenario parameters
Table 3: Deployment parameters for the system level simulations
	Parameter
	Value

	Number of sites, sectors per site
	7, 3

	Inter-site distance
	500m

	UE dropping
	Random uniform, 80% indoor

	UE speed.
	0 (no mobility)

	UE Multipath speed
	3 km/h 

	Frequency, duplex
	2 GHz, FDD

	Bandwidth
	10 MHz

	TX power
	46 dBm (eNB), 24 dBm (UE)

	Antenna heights
	25m (eNB), 1.5m (UE)

	N TX antennas x M RX antennas
	2x2 (eNB), 1x2 (UE)

	MIMO
	2x2 (DL), 1x2 (UL)

	Antenna pattern
	3GPP TR36.819

	Noise figure
	5dB (eNB), 9dB (UE)

	FTP download file size
	100kB

	FTP model
	3

	Fast Fading Model
	ITU Uma TR36.819

	Pathloss Model
	ITU Uma TR36.814

	TCP Configuration
	Slow Start: Linux-based
Congestion control: Linux-based
Initial Window Size: 3
Slow Start Restart: 1s
TCP congestion window increase during slow-start relaying on number of acked packets



System parameters
Table 4: System parameters for system level simulations
	Parameter
	Value

	Number of PDCCH symbols
	2

	Resources allocated to sPUCCH
	1 PRB

	CQI report delay/periodicity
	6ms/5ms

	Link adaptation
	Outer-loop correction (Target BLER 10%)

	Core, transport, and internet delay
	10ms

	RLC AM max ReTX threshold
	32

	Scheduler algorithm
	Proportional fair

	UL access
	SR-based

	UL retransmissions
	Non-adaptive

	sTTI length
	2 OFDM symbols
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