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[bookmark: _Ref480787846]Introduction
In this discussion paper, we present the remaining issues to be settled for UL control.
The contribution is revised from R1-1717165 and R1-1717166.
Agreements made within the work item, sorted by topic can be found in R1-1719213, and should be reviewed to grasp the status of the UL control design.
[bookmark: _Ref178064866]Discussion
UCI on subslot-PUSCH
[bookmark: _Hlk493493676]A common view of mapping UCI on subslot-PUSCH with one data symbol is to map RI and PMI/CQI from the start of the data symbol and map HARQ-ACK from the end of the data symbol by puncturing. When data is sent after DMRS, given that the ON/OFF masks for 2-OS sTTI is agreed to be located outside the sTTI (see RAN4 paper [5]), HARQ bits which is mapped at the bottom of data symbol will be hit by the interference from adjacent sTTI’s power transient period, as illustrated in Figure 1. With the presence of interference, we have presented in [6] that it can cause a big HARQ performance degradation. 


[bookmark: _Ref493231761][bookmark: _Ref493231756]Figure 1 Simulation model with the presence of power transient from adjacent sTTI.
One solution for this problem is to map HARQ-ACK with a delta_offset from the end of the data symbol so that it is protected from the transient period interference. The delta_offset can be designed to have a fixed ratio of 15% to Rmux (Rmux is the row index defined in TS 36.212 section 5.2.2.8) which reflects the ratio of 10usec power transient period to the 66.7usec OFDM symbol duration. With this solution, when mapping HARQ symbol to REs, instead of the legacy way of starting the map from the bottom row Rmux (subcarrier index = Rmux, TS 36.212, section 5.2.2.8) and moving upwards, the HARQ symbols are mapped starting from row (Rmux - delta_offset) ~= 0.85* Rmux and moving upwards, here, delta_offset is defined as delta_offset = ceil (fixed_ratio* Rmux) with fixed_ratio set to be 0.15. Note that for a given bandwidth, the HARQ mapping starting position is fixed because Rmux is fixed for a given bandwidth.  
An alternative solution which was mentioned in RAN1#90bis is to use a large HARQ beta offset value to compensate the interference impact. In this case, a static beta value needs to work for systems with varying HARQ payload and different MCS, since it has been agreed to configure UCI beta offset through RRC for sTTI. 
Below, we compare the two solutions discussed above through simulations for the system illustrated in Figure 1. In the simulations, it assumes that two UE are scheduled with uplink transmission in the adjacent sTTIs, and the target sTTI is scheduled with a 2-symbol sPUSCH with one data symbol sending after DMRS symbol. The HARQ-ACK of sPDSCH is mapped at the bottom of the target sTTI data symbol with or without delta_offset. Different HARQ-ACK beta values which were chosen from the legacy HARQ-ACK beta offset table (see the table in appendix) are applied for systems with varying HARQ payload and MCS. The interference due to the power transient period assumes a linear dB model, which models the interference as white noise with its power ramping up in dB domain. The transient period (Tp) length is set to be 10us as agreed by RAN4 in [5]. The simulated Signal to Interference ratio (SIR) value is set differently depending on the MCS, i.e., for low MCS such as QPSK, an SIR value of -10dB is simulated, while for high MCS such as 64QAM, 0dB SIR is applied. The reason of setting a low SIR for QPSK is not because of power control imperfection, but because of the aimed scenario, in which the target UE is located further away from eNB (transmitting with QPSK) and being interfered by another UE located close to eNB (transmitting with higher modulation order such as 16QAM). In this case, the interfering sPUSCH will have a higher received target power than the target sPUSCH at eNB. Also, it should be noted that we assumed a linear dB model with a slope of 7.3dB in the simulations, however, in reality, this need not be the case. As described in Qualcomm’s R4 paper, for a 10usec power transient time, a typical power ramping-up profile is that the power ramping very quickly up to 23dBm for the first 5usec, then getting stabilized for the last 5usec, as shown in Figure 2. Thus, the assumptions of linear dB model with slope of 7.3dB and a SIR value of -10 dB can be considered rather conservative.  


[bookmark: _Ref497833363]Figure 2 Ramp-up profile typical LTE Transmitter (from R4-1703046 )
In Figure 3 and Figure 4, QPSK with varying HARQ payloads are simulated. When mapping HARQ-ACK without applying delta_offset, a beta value of 10 is required by low HARQ-ACK payload situation in order to achieve HARQ-ACK performance requirement of NACK->ACK below 0.1% (see Figure 3). If applying a delta_offset when mapping HARQ-ACK on sPUSCH, a beta value of 3.125 will be sufficient for the same requirement. In another word, to compensate the power transient period impact, a much larger beta offset value will be required for low HARQ-ACK payload situation, data performance is not sensitive in this case. However, applying the required high beta offset value for the two solutions to a high HARQ-ACK payload system as simulated in Figure 4, a data performance loss of 3.5dB is observed comparing the solution applying higher beta value (beat =10) to the solution of mapping HARQ-ACK with a delta_offset. In Figure 5, UE with high MCS of 64QAM is simulated. Here, an even larger beta value of 12.625 will be required to fulfill HARQ-ACK performance requirement if mapping HARQ-ACK without applying delta_offset, it indicates an even larger data performance loss for the system simulated in Figure 4. 
[image: ]
[bookmark: _Ref493237886][bookmark: _Ref493494989]Figure 3 HARQ-ACK and BLER performance, QPSK rate 1/3, HARQ payloads 2-bits, channel EPA 3km/h, SIR = -10dB, with and without delta_offset when mapping HARQ-ACK on sPUSCH
[image: ]
[bookmark: _Ref493237894]Figure 4 HARQ-ACK and BLER performance, QPSK rate 1/3, HARQ payloads 10-bits, channel EPA 3km/h, SIR = -10dB, with and without delta_offset when mapping HARQ-ACK on sPUSCH
[image: ]
[bookmark: _Ref497829264]Figure 5 HARQ-ACK and BLER performance, 64QAM rate 5/6, HARQ payloads 10-bits, channel EPA 3km/h, SIR = 0dB, with and without detla_offset when mapping HARQ-ACK on sPUSCH

[bookmark: _Hlk493494889]Thus, we propose to introduce a delta_offset when mapping HARQ-ACK on the last data symbol of sPUSCH. For the case when DMRS is sent after data symbol, i.e., when data symbol is not affected by the following sTTI’s power transient period, introducing a mapping delta_offset will not be necessary, but also not harmful for performance. To simplify the design and define a mapping rule regardless where the data symbol is in the sTTI, we thus propose to always apply a predefined delta_offset when mapping HARQ-ACK on the last data symbol of sPUSCH by puncturing. The same principle is applied when mapping RI on sTTI with two data symbols, where RI will be mapped at the bottom of another data symbol, which could be affected by the power transient from the following sTTI.
[bookmark: _Hlk493495214]The exact mapping pattern for UCI on 2/3-symbol subslot-PUSCH is illustrated Figure 6. Note that the delta_offset introduce in pattern b) would not be necessary, but as mentioned above, it is for the purpose of having a unified design.    

[bookmark: _Ref497833940]Figure 6 UCI mapping pattern on 2/3-symbol sPUSCH
 
[bookmark: _Toc497833057][bookmark: _Toc498345209][bookmark: _Toc498345239][bookmark: _Toc498345366][bookmark: _Toc498345783][bookmark: _Toc493248705][bookmark: _Toc493254372][bookmark: _Toc493255225][bookmark: _Toc493255492][bookmark: _Toc493497885][bookmark: _Toc493497954][bookmark: _Toc493511984][bookmark: _Toc493512329][bookmark: _Toc493512694][bookmark: _Toc493578012][bookmark: _Toc494127423][bookmark: _Toc497817237][bookmark: _Toc497828359][bookmark: _Toc497828391]In the case of HARQ-ACK (or RI) is mapped on the last data symbol of subslot-PUSCH, mapping HARQ-ACK (or RI) with a delta_offset from the end of the data symbol.
[bookmark: _Toc497833058][bookmark: _Toc498345210][bookmark: _Toc498345240][bookmark: _Toc498345367][bookmark: _Toc498345784]Define the delta_offset with a fixed_ratio to Rmux (Rmux is the row index defined in TS 36.212 section 5.2.2.8) as deta_offset = ceil(fixed_ratio*Rmux), where fixed_ratio is set to reflect the 10msec power transient time, e.g., fixed_ratio=0.15, which can be configured or pre-defined.  
HARQ codebook size determination
General
It has been agreed that:
	Agreement:
Both semi-static and dynamic codebook size are supported for sHARQ-ACK feedback in sTTI.
Independent RRC signalling between using semi-static and dynamic codebook size is separately configured for sTTI configuration {2,2}, {2,7}, {7,7} and 1ms TTI



In case of sTTI operation, the feedback from 1 ms can at any time collide with sTTI in which case the UE will have to feedback both Ack/Nack states. In case fixed codebook size is used for both sTTI and TTI, the preferable behaviour is that the UE always includes HARQ and sHARQ in the sTTI. In this case, there is no ambiguity on what is transmitted. If not, the codebook size would be dependent on the detection of the 1 ms transmission. In terms of performance at the eNB the impact should be limited from this behaviour. The eNB will know the number of HARQ bits carrying information since it scheduled the 1 ms and/or sTTI transmission. 
For a sequence based design, the number of sequences is only for the UE to select between, but if the network knows that the UE has not been scheduled for 1 ms for example, the sequences involving an Ack state for the 1 ms HARQ bit(s) need not be considered in the detection. Hence, there is no impact compared to a 1-bit sequence based configuration.
For Reed-Muller codes, the addition of bits will only have a minor impact on performance, since the known bit states can be taken into account by the receiver, see [3]. The small degradation expected is from a non-optimum code design, but otherwise the decoding performance is equivalent to not sending the HARQ Ack bits that are set to Nack (if no DL assignment was received).
[bookmark: _Toc498345776]For both sequence based design and SPUCCH formats using Reed-Muller coding, there is no, or small, performance impact by including more Nack bits (when DL assignment was not received) than the actual HARQ bits detected.
[bookmark: _Ref498000066][bookmark: _Toc498343617][bookmark: _Toc498345241][bookmark: _Toc498345368][bookmark: _Toc498345785]In case of fixed codebook size in both sTTI and 1 ms, the UE shall determine the fixed codebook size for sTTI as the sum of the HARQ codebook size for sTTI and 1 ms.
{2,7} sTTI configuration
It is still not decided if bundling should be applied in the {2,7} configuration or not. Bundling the three DL A/N bits to one would improve the performance of SPUCCH but could also have negative impact on latency. It should be noted that the performance of SPUCCH is improved by using slot instead of subslot transmission, even if taking the increased payload into account, see [4]. Also, if not all DL subslots are scheduled on the configured carriers, the performance can be improved by using knowledge of known bit states in the decoding, see [3]. It should also be noted that using bundling for {2,7} means that DAI is required. Although possible to include DAI functionality also in this case, it is proposed to take the simple approach and not bundle HARQ-ACK bits for the {2,7} configuration.
[bookmark: _Toc498343618][bookmark: _Toc498345242][bookmark: _Toc498345369][bookmark: _Toc498345786]HARQ-ACK bundling is not performed over DL subslots for the {2,7} configuration
SPUCCH design
General
SRS and SPUCCH
Triggering of SRS that is colliding with SPUCCH needs to be clearly defined in the specification and has been the subject of the email discussion on SPUCCH, see [8]. It is preferable that the behaviour follows legacy in case the shortened-SPUCCH can be used in case of SRS inclusion.
[bookmark: _Toc498343619][bookmark: _Toc498345243][bookmark: _Toc498345370][bookmark: _Toc498345787]In case of collision of SRS and 7-OS sPUCCH without hopping/7-OS sPUSCH, the legacy UE behaviour is applied
[bookmark: _Toc498343620][bookmark: _Toc498345244][bookmark: _Toc498345371][bookmark: _Toc498345788]In case of collision of SRS and 7-OS sPUCCH with hopping/3-OS sPUCCH/3-OS sPUSCH, the legacy UE behaviour is applied
For the case of SPUCCH transmission in UpPTS, the number of SRS symbols can vary and hence different PUCCH designs need to be defined for this single case (in other cases when SRS is included the SPUCCH is simply shortened by 1 symbol to the shortened SPUCCH format). Defining new SPUCCH formats with variable length depending on the number of SRS symbols seems like an over-optimization and there is no time remaining of the WI to do such optimization. Hence, a simple approach is taken by always dropping SRS in this case.
[bookmark: _Toc498343621][bookmark: _Toc498345245][bookmark: _Toc498345372][bookmark: _Toc498345789]In case of collision of SRS and sPUCCH in UpPTS in SSC#10, SRS is always dropped. The 6-symbol design of short SPUCCH will be applied to the 6-symbol transmission in UpPTS
Resource management (S)PUCCH format 1
It has been agreed in RAN1 that:
	For PF1-based 7-OS sPUCCH format, the cyclic shifts on different sPUCCH symbols and the OCC in different slots can be different for a given UE. Cyclic shift randomization and OCC variations are re-used from 1 ms operation to support multiplexing with legacy PUCCH format 1/1a/1b/2.



The resource management of SPUCCH format 1 includes a cyclic shift, (possibly) OCC, and RB. In legacy PUCCH format 1(x), the resource is provided by the first CCE index that carries the PDCCH.
The cyclic shift varies over time due to the pseudo-random sequence that varies between symbols, but will also vary over slots  (even with the pseudo-random sequence kept constant). The variation over slots also includes the OCC. That is, a certain PUCCH resource index gives rise to a certain CS and OCC hopping. 
[bookmark: _Toc498345777]CS variations occur per symbol due to pseudo-random variations per symbol but also due to CS variations per slot depending on the resource index used
[bookmark: _Toc498345778]CS variations per slot depends on the OCC assigned and its hopping pattern
An RB-pair can also partly be allocated to PUCCH format 2 in legacy LTE. In this case a certain number of cyclic shifts are reserved for PUCCH format 1, and the OCC and CS hopping for PUCCH format 1 will be performed over that limited set, which will impact the hopping pattern of PUCCH format 1 compared to a RB-pair where all CSs are allocated to PUCCH format 1.
[bookmark: _Toc498345779]In case an RB-pair is partly allocated to PUCCH format 2, the CS and OCC hopping of PUCCH format 1(x) is impacted

In PUCCH format 1 there is a minimum CS shift defined as well between PUCCH format 1 resources by the. Also, this parameter will have an impact on the hopping sequence since the sequences are effectively selected from different sets.

[bookmark: _Toc498345780]For different settings of , the resulting hopping sequence for PUCCH format 1(x) will be different
It should also be noted that although the quoted agreement above refers to both PUCCH format 1 and 2 the variations of cyclic shifts between slots are different for PUCCH format 1 and PUCCH format 2. Hence, having a single variation of cyclic shift over time that results in efficient multiplexing with both PUCCH format 1 and PUCCH format 2 seems not feasible.
[bookmark: _Toc498345781]The CS hopping for PUCCH format 1(x) and PUCCH format 2(x) is different
Furthermore, the allocation of PUCCH format 1 and PUCCH format 2 will have an impact on slot-SPUCCH with FH enabled and for subslot-SPUCCH since the CS hopping is not generated in the same way for PUCCH format 1(x) and PUCCH format 2(x). Still, in the configuration shown in Figure 7, SPUCCH will overlap with both PUCCH format 1 and PUCCH format 2. This is of course up to network configuration but it highlights that getting an efficient multiplexing in every scenario for PUCCH format 1(x) and PUCCH format 2(x) is challenging.


[bookmark: _Ref498342660]Figure 7: PUCCH and SPUCCH format 1(x) multiplexing
[bookmark: _Toc498345782]Slot-SPUCCH with FH enabled and subslot-SPUCCH will overlap with resource from two RB-pairs in legacy PUCCH, where one could be from PUCCH format 1 and one from PUCCH format 2
Based on the above observations, it seems difficult to find a way to generate the CS and OCC (when applicable) that allows for efficient multiplexing of both PUCCH format 1 and PUCCH format 2. Even for only PUCCH format 1 multiplexing, the efficiency will not be optimum due to the generation of hopping over both CS and OCC in PUCCH format 1, while neither of slot-SPUCCH with FH enabled, or subslot-SPUCCH support OCC.
For slot-SPUCCH with FH disabled, the PUCCH resource indication can however be reused which allows full multiplexing with legacy PUCCH format 1/1a/1b/2.
[bookmark: _Toc498343622][bookmark: _Toc498345246][bookmark: _Toc498345373][bookmark: _Toc498345790]For slot-SPUCCH, the resource index is defined as for PUCCH format 1/1a/1b, using the same equations to derive CS, OCC and PRB index
For subslot-SPUCCH and slot-SPUCCH with FH enabled, the situation is trickier. Still, it is believed that considering the observations above that the simplest approach is to reuse the PUCCH resource index and associated equations also in this case.
[bookmark: _Toc498343623][bookmark: _Toc498345247][bookmark: _Toc498345374][bookmark: _Toc498345791]For subslot-SPUCCH and slot-SPUCCH with FH enabled, the resource index is defined as for PUCCH format 1/1a/1b, using the same equations to derive CS, OCC and PRB index
Subslot
[bookmark: _Ref480988229]Up to 2 bits A/N and potentially SR
One of the remaining issues for the SPUCCH format with sequence selection carrying up to 2 bits A/N and potentially SR is how many sequences are to be configured in case of 2 bits HARQ A/N. If configuring all sequences if SR is present, it would mean 8 sequences in total need to be configured, which reduces the multiplexing capacity. To reduce the number of sequences and at the same time limit the impact on performance, it is proposed to bundle HARQ ACK in case of positive SR and one Ack and one Nack is to be reported.
[bookmark: _Toc492559275][bookmark: _Toc492559289][bookmark: _Toc492566812][bookmark: _Toc494313879][bookmark: _Ref497830303][bookmark: _Toc498343624][bookmark: _Toc498345248][bookmark: _Toc498345375][bookmark: _Toc498345792]In case of 2 HARQ A/N bits, positive SR, and {Ack,Nack} or {Nack,Ack} is to be reported, it is bundled to Nack
Considering that a positive SR is considered infrequent and also that a Nack is less frequent than an Ack, this should have limited impact on performance. It also allows 1-bit HARQ and 2-bit HARQ to have the same SR resources configured, see Figure 8.


[bookmark: _Ref492558706]Figure 8: HARQ and SR resources when bundling 2-bit HARQ in case of positive SR
When only positive SR is to be transmitted, it has been agreed for 1-bit sequence based SPUCCH to transmit it on the configured SR+Nack resource. A similar approach should be taken in case of 2-bit HARQ. Considering Proposal 10 there would also in the case of 2-bit HARQ be only a Nack and Ack resource for the case of positive SR.
[bookmark: _Toc498343625][bookmark: _Toc498345249][bookmark: _Toc498345376][bookmark: _Toc498345793]When only positive SR is to be transmitted on 2/3-symbol sequence based 2-bit sPUCCH, the SR is transmitted on the sPUCCH resource that is used to transmit SR+NACK
This results in that 18 sequence based resources need to be configured for 2-bit sequence based SPUCCH, see Figure 9. The network however, need to “only” block 6 of them for use by other UEs.


[bookmark: _Ref497830758]Figure 9: Sequence based resources for 2-bit SPUCCH
[bookmark: _Toc498343626][bookmark: _Toc498345250][bookmark: _Toc498345377][bookmark: _Toc498345794]The 4 resource groups configured for 2-bit sequence based SPUCCH each configure 4 SPUCCH resources
In case of single carrier, and assuming Proposal 3, the UE codebook size would be of size 2 bits. Assuming the first bit is for the sTTI carrier and the second bit is for the 1 ms carrier, the reporting would look something like in Figure 10.


[bookmark: _Ref498000130]Figure 10: 2-bit sequence based SPUCCH where only 1-bit is detected
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, [1], [2].
In [1] 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 PUSCH 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 [2] 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. It is also not clear if the proposed design in [2] performs well in a single RB which would be expected to be the most commonly used configuration.
[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][bookmark: _Toc492559276][bookmark: _Toc492559290][bookmark: _Toc492566813][bookmark: _Toc494313880][bookmark: _Toc498343627][bookmark: _Toc498345251][bookmark: _Toc498345378][bookmark: _Toc498345795]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. A maximum of 8 RBs have been agreed, but not the list of supported RBs. It is proposed to follow PUCCH format 4.
[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][bookmark: _Toc492559277][bookmark: _Toc492559291][bookmark: _Toc492566814][bookmark: _Toc494313881][bookmark: _Toc498343628][bookmark: _Toc498345252][bookmark: _Toc498345379][bookmark: _Toc498345796]The RB allocation for subslot-SPUCCH format 4 is 1,2,3,4,5,6, or 8 RBs (configured by higher layer)
One aspect with SPUCCH format 4 is the use of the Reed-Muller code. It has been agreed to use dual-RM code from 12-22 bits. In case of 21 or 22 bits, the payload will be split into 11,10 or 11,11 bits. In case of 11 bits, if the first 12 rows are taken from the below code (see Table 1), the code is no longer of full rank since Mi,0 and Mi,10 has the same base sequence. 
Since a single RB allocation for SPUCCH format 4 results in 24 encoded bits, each single-RM code will be encoded into 12 bits and hence the code is no longer of full rank.
[bookmark: _Toc498345253][bookmark: _Toc498345380][bookmark: _Toc498345797]In case of single RB subslot-SPUCCH format 4 allocation and payload of 21 or 22 bits, the rows of the block code (index i) are taken from the end instead of the beginning to keep full rank.
[bookmark: _Ref498343873]Table 1: Basis sequences for (32, O) code (see 3GPP TS 36.212).
	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4
	Mi,5
	Mi,6
	Mi,7
	Mi,8
	Mi,9
	Mi,10

	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1

	1
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1
	1

	2
	1
	0
	0
	1
	0
	0
	1
	0
	1
	1
	1

	3
	1
	0
	1
	1
	0
	0
	0
	0
	1
	0
	1

	4
	1
	1
	1
	1
	0
	0
	0
	1
	0
	0
	1

	5
	1
	1
	0
	0
	1
	0
	1
	1
	1
	0
	1

	6
	1
	0
	1
	0
	1
	0
	1
	0
	1
	1
	1

	7
	1
	0
	0
	1
	1
	0
	0
	1
	1
	0
	1

	8
	1
	1
	0
	1
	1
	0
	0
	1
	0
	1
	1

	9
	1
	0
	1
	1
	1
	0
	1
	0
	0
	1
	1

	10
	1
	0
	1
	0
	0
	1
	1
	1
	0
	1
	1

	11
	1
	1
	1
	0
	0
	1
	1
	0
	1
	0
	1

	12
	1
	0
	0
	1
	0
	1
	0
	1
	1
	1
	1

	13
	1
	1
	0
	1
	0
	1
	0
	1
	0
	1
	1

	14
	1
	0
	0
	0
	1
	1
	0
	1
	0
	0
	1

	15
	1
	1
	0
	0
	1
	1
	1
	1
	0
	1
	1

	16
	1
	1
	1
	0
	1
	1
	1
	0
	0
	1
	0

	17
	1
	0
	0
	1
	1
	1
	0
	0
	1
	0
	0

	18
	1
	1
	0
	1
	1
	1
	1
	1
	0
	0
	0

	19
	1
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0

	20
	1
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1

	21
	1
	1
	0
	1
	0
	0
	0
	0
	0
	1
	1

	22
	1
	0
	0
	0
	1
	0
	0
	1
	1
	0
	1

	23
	1
	1
	1
	0
	1
	0
	0
	0
	1
	1
	1

	24
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	0

	25
	1
	1
	0
	0
	0
	1
	1
	1
	0
	0
	1

	26
	1
	0
	1
	1
	0
	1
	0
	0
	1
	1
	0

	27
	1
	1
	1
	1
	0
	1
	0
	1
	1
	1
	0

	28
	1
	0
	1
	0
	1
	1
	1
	0
	1
	0
	0

	29
	1
	0
	1
	1
	1
	1
	1
	1
	1
	0
	0

	30
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	31
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0



Conclusion
Based on the discussion in section 2 we have the following observations:
Observation 1	For both sequence based design and SPUCCH formats using Reed-Muller coding, there is no, or small, performance impact by including more Nack bits (when DL assignment was not received) than the actual HARQ bits detected.
Observation 2	CS variations occur per symbol due to pseudo-random variations per symbol but also due to CS variations per slot depending on the resource index used
Observation 3	CS variations per slot depends on the OCC assigned and its hopping pattern
Observation 4	In case an RB-pair is partly allocated to PUCCH format 2, the CS and OCC hopping of PUCCH format 1(x) is impacted

Observation 5	For different settings of , the resulting hopping sequence for PUCCH format 1(x) will be different
Observation 6	The CS hopping for PUCCH format 1(x) and PUCCH format 2(x) is different
Observation 7	Slot-SPUCCH with FH enabled and subslot-SPUCCH will overlap with resource from two RB-pairs in legacy PUCCH, where one could be from PUCCH format 1 and one from PUCCH format 2

Based on the discussion in section 2 we propose the following:
Proposal 1	In the case of HARQ-ACK (or RI for 2-data symbol sTTI) is mapped on 2/3-os sPUSCH, mapping HARQ (or RI) on sPUSCH with a delta_offset from the end of the data symbol.
Proposal 2	Define the delta_offset with a fixed_ratio to Rmux (Rmux is the row index defined in TS 36.212 section 5.2.2.8). The fixed_ratio, e.g., 15%, can be configured or pre-defined.
Proposal 3	In case of fixed codebook size in both sTTI and 1 ms, the UE shall determine the fixed codebook size for sTTI as the sum of the HARQ codebook size for sTTI and 1 ms.
Proposal 4	HARQ-ACK bundling is not performed over DL subslots for the {2,7} configuration
Proposal 5	In case of collision of SRS and 7-OS sPUCCH without hopping/7-OS sPUSCH, the legacy UE behaviour is applied
Proposal 6	In case of collision of SRS and 7-OS sPUCCH with hopping/3-OS sPUCCH/3-OS sPUSCH, the legacy UE behaviour is applied
Proposal 7	In case of collision of SRS and sPUCCH in UpPTS in SSC#10, SRS is always dropped. The 6-symbol design of short SPUCCH will be applied to the 6-symbol transmission in UpPTS
Proposal 8	For slot-SPUCCH, the resource index is defined as for PUCCH format 1/1a/1b, using the same equations to derive CS, OCC and PRB index
Proposal 9	For subslot-SPUCCH and slot-SPUCCH with FH enabled, the resource index is defined as for PUCCH format 1/1a/1b, using the same equations to derive CS, OCC and PRB index
Proposal 10	In case of 2 HARQ A/N bits, positive SR, and {Ack,Nack} or {Nack,Ack} is to be reported, it is bundled to Nack
Proposal 11	When only positive SR is to be transmitted on 2/3-symbol sequence based 2-bit sPUCCH, the SR is transmitted on the sPUCCH resource that is used to transmit SR+NACK
Proposal 12	The 4 resource groups configured for 2-bit sequence based SPUCCH each configure 4 SPUCCH resources
Proposal 13	Adopt non-IFDMA based DMRS and data for SPUCCH format 4
Proposal 14	The RB allocation for subslot-SPUCCH format 4 is 1,2,3,4,5,6, or 8 RBs (configured by higher layer)
Proposal 15	In case of single RB subslot-SPUCCH format 4 allocation and payload of 21 or 22 bits, the rows of the block code (index i) are taken from the end instead of the beginning to keep full rank.
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Appendix
[bookmark: _Ref446422982][bookmark: _Ref441559615]Table 2: Simulation assumptions for shortened PUSCH
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	5MHz

	TTI length
	2 symbols (1 data, 1 DMRS)

	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, 64QAM

	HARQ retransmission
	Disabled

	HARQ payloads
	2-bits and 10-bits

	HARQ offset value
	2

	Performance metrics
	BLER, HARQ error rate NACK-> ACK



Table 3: TBS for 2-OS sPUSCH (One symbol for DMRS, one symbol for data)
	
	Coding rate
	MCS payloads

	QPSK 
	1/3
	200

	64QAM 
	5/6
	1496



Table 4: Mapping of HARQ-ACK offset values and the index signalled by higher layers (from 36.213 section 8.6.3)
	[image: ] or [image: ]
	[image: ]

	0
	2.000

	1
	2.500

	2
	3.125

	3
	4.000

	4
	5.000

	5
	6.250

	6
	8.000

	7
	10.000

	8
	12.625

	9
	15.875

	10
	20.000

	11
	31.000

	12
	50.000

	13
	80.000

	14
	126.000

	15
	1.0
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