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Introduction
PUSCH enhancement is one of the SID objectives approved in the RAN#80 as: 
· PUSCH Enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.

[bookmark: _GoBack]In Rel-15, multiple mechanisms were specified to improve PUSCH reliability and latency like the new MCS table and slot aggregation for reliability and the support of mini-slot (PUSCH mapping type B) where the length of the PUSCH can be 1 through 14 symbols and the starting symbol can be any position within a slot which is good for latency enhancement. However, there is still a lot of room for improvement like supporting the intra-slot mini-slot repetition, reducing the DMRS overhead which are needed for URLLC use-cases to improve latency, reliability and spectral efficiency.
In this contribution, we focus on multiple PUSCH enhancements, like transmit diversity, DMRS overhead reduction, intra-slot and inter-slot mini-slot repetition, frequency hopping and resource allocation. 
Transmit diversity for URLLC UL
UL coverage is an important topic due to the limited UE transmission power. NR has precoding scheme to enhance the performance of UL data, particularly for channels with short delay spread and low mobility. On the other hand, according to our simulation, a transmit diversity scheme, e.g., CDD, outperforms precoding if the targeted error rate is lower than 10-2. In Figure 1, three possible solutions for PUSCH coverage enhancement are evaluated: 
· 1TX + 3dB power boost:
· Power gain
· 2TX + precoding:
· Constructive addition at gNodeB
· 2TX + cyclic delay diversity (CDD)
· TX diversity  multipath diversity

In Figure 1, the BLER curve slope of CDD is much better than the precoding slope and show potential advantage if the BLER is 10-3 or lower. For URLLC applications, we operate at very low BLER targets and it seems there is still room for enhancement of the transmission scheme. With CDD delay confined to ~1/5 CP, we observe that precoding can be better than or comparable to CDD for BLER down to 10-2. The slope of CDD can become steeper with CDD delay increased to ~1/3 CP. Therefore, if the BLER slope is the key for the performance at BLER of 10-5, larger CDD delay can be considered to be explored in this topic.
Observation 1: CDD outperforms precoding if the targeted error rate is lower than 10-2.
Proposal 1: Study the possibility of supporting CDD for URLLC to enhance the UL transmit diversity.
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[bookmark: _Ref528912307]Figure 1: NR precoding vs CDD
DMRS overhead reduction
Supporting mini-slots repetition in the same slot (or even crossing slot boundaries) could be an important Rel-16 URLLC enhancement if adopted. It allows for multiple transmission opportunities of the same TB in the same slot which will further improve the reliability and the latency and helps meeting the URLLC requirements. However, when mini-slots are used (e.g. 2 OS mini-slots) and when allowing repetitions within the same slot, the repetitions use the same DMRS configuration, hence this leads to a very high DMRS overhead which is sub-optimal and not necessarily needed to meet the targeted performance even for fading channels or high mobility.  
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[bookmark: _Ref528939290]Figure 2: DMRS Configuration: Type-1/Type-B mapping/single-symbol.
Observation 2: high DMRS overhead is not needed to meet the targeted URLLC performance.
Therefore, DMRS sharing between the repetitions is a possible solution to reduce the DMRS overhead and it consists of removing or reducing the DMRS from certain repetitions. Figure 3 below is a possible solution for DMRS reduction of the scheme in Figure 2. 
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[bookmark: _Ref528939264]Figure 3: DMRS sharing across mini-slots.
If DMRS sharing is disabled, DMRS definition and configuration can continue using the specification given in section 6.4.1 of [TS38.211] and additional DMRS can be transmitted according to the scheduling type and the duration as specified in Table 6.4.1.1.3-3 of [4, TS38.211] for frequency hopping disabled and as specified in Table 6.4.1.1.3-6 of [4, TS38.211] for frequency hopping enabled. 
If DMRS sharing is enabled, one possible solution to specify the DMRS density and the DMRS OS positions is to consider a group of repetitions as a single mini-slot. For example, two mini-slots of 2 OS each could be considered as a single mini-slot of 4 OS and we can re-use the same specification given in section 6.4.1 on this basis [TS38.211].  
Proposal 2: DMRS sharing should be supported for mini-slot repetition.
Proposal 3: To determine the PUSCH DMRS positions when DMRS sharing is enabled for mini-slot repetition, consider a group of repetitions as a single mini-slot and re-use the same specification given in section 6.4.1 on this basis [TS38.211].  
If DMRS sharing is enabled, the number of REs for DM-RS per PRB () in the scheduled mini-slot will change from one repetition to the next. This could impact the TB size determination and may lead to a different TB size calculated from one repetition to the next unless the used MCS has also changed from one repetition to the next and the new MCS is signalled to the UE. But if there is only a single DCI scheduling the repetitions, only a single MCS can be signalled to the UE. Therefore, we propose that the UE maintains the same TB size calculated from the DCI for all the repetitions scheduled by the same DCI. The effective code rate could change from one repetition to the other to exploit the REs freed from the DMRS overhead.
 Therefore, for mini-slot repetition, two possible options for TBS determination: 
· Option 1: the UE maintains the same TB size calculated from the DCI for all the repetitions scheduled by the same DCI. Use first repetition to derive.
· Option 2: Assume no DMRS in the TBS calculation .
DMRS-sharing vs Frequency Hopping
Frequency hopping makes a lot of sense for the mini-slot repetition and can offer significant frequency diversity gain. Frequency hopping across the mini-slot repetitions should be quite similar to the intra-slot and inter-slot hopping supported already in Rel-15. Some additional specifications may be required to support frequency hopping for the mini-slot repetition. But, if frequency hopping is used across mini-slots, the DMRS sharing cannot be used since each mini-slot will occupy different frequency resources as highlighted in Figure 4.
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[bookmark: _Ref528939364]Figure 4: Issue with DMRS sharing across mini-slots when Frequency Hopping is used
Some possible issues could be faced for the support of the DMRS sharing and frequency hopping simultaneously. Frequency hopping will limit the use of DMRS sharing. A possible solution is to have a trade-off between frequency hopping and DMRS sharing. 
Observation 3: Supporting frequency hopping will limit the use of DMRS sharing.
Proposal 4: A study of the trade-off between frequency hopping and DMRS sharing is needed. 
One possibility is to enable the frequency hopping based on a group of mini-slots transmissions, and within that group allow for the DMRS sharing to be enabled. For example, assume K is the number of mini-slot repetitions within the slot and H is the number of frequency hops. Let’s H1 = mod(K,H)
· The first H1 groups out of total of H groups include ceil(K/H) mini-slots 
· The remaining (H - mod(K,H) ) groups include floor(K/H) mini-slots. 
E.g. K = 7 (2 OS mini-slots) and H = 3 frequency hops. Then 
· The first group out of total of 3 groups include 3 mini-slots 
· The remaining 2 groups include 2 mini-slots. 
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[bookmark: _Ref526952526]Figure 5: DMRS sharing between mini-slots of the same group.
To allow for a good trade-off between frequency hopping and DMRS sharing, the number of hops H should be selected carefully based on the formula above to avoid groups with only one mini-slot in them. To ensure that, additional checks on the values of ceil(K/H) and floor(K/H) could be included and the number of frequency hops H could be re-adjusted to avoid this to occur. 
Proposal 5: Mini-slots grouping should be supported to enable frequency hopping and DMRS sharing simultaneously. 
The number of frequency hops was set to 3 in the example above although only two hops are supported for Rel-15 intra-slot and inter-slot PUSCH frequency hopping. In Rel-16 more hops could be supported with the support of mini-slot repetition to improve URLLC reliability and take advantage of frequency diversity. 
Proposal 6: Allow for more than 2 frequency hops when mini-slot repetition is used.
In Rel-15, as explained in [1] and [2] .  when frequency hopping is enabled, it will borrow 1 or 2 bits from the frequency domain RA bit-field to indicate the hopping position.  2 or 4 hopping positions (2 for BWP less than 50 PRBs and 4 for BWP equal or greater than 50 PRBs) are RRC configured to the UE via the higher layer parameter frequencyHoppingOffsetLists and the selection of the hopping position is done dynamically through the DCI by taking 1 or 2 bits from the FD-RA bit-field. This mechanism could be re-applied for the mini-slot repetition scheme where single DCI scheduling the repetitions is signalling one frequency hopping offset from the list and the same offset is applied to all the repetitions. The position of one repetition relative to the previous one could be incremental or decremental. Alternatively, a hopping pattern P could be defined and RRC signalled to the UE (or specified).
Proposal 7: A frequency hopping pattern could be defined if more than two frequency hops are to be supported.
Signalling of the aggregation type
In Rel-15, when the UE is configured with aggregationFactorDL > 1, the same symbol and RB allocation is applied across the aggregationFactorDL consecutive slots. The UE may expect that the TB is repeated within each symbol allocation among each of the aggregationFactorDL consecutive slots. Aggregation factor 1, 2, 4 or 8 is semi-statically configured separately (i.e. not part of table). In Rel-15, the number of repetitions for data corresponds to the L1 parameter “aggregation-factor-DL” (see [2] ) and when this field is absent the UE applies the value 1, which means the repetition is disabled. The UE is RRC configured with aggregationFactorDL for DL and aggregationFactorUL for UL. 
In Rel-16, mini-slot repetition intra-slot and inter-slot could be introduced. This mechanism is different to the Rel-15 mini-slot/slot aggregation. Therefore, the differentiation between these two mechanisms should be captured in the specs and signalled to the UE.
To indicate to the UE the mini-slot repetition, Rel-15 aggregationFactor could be re-used for the mini-slot repetition. A new RRC (or dynamic) parameter could be defined to differentiate between the Rel-15 aggregation and the Rel-16 mini-slot repetition. However, with this option, the new Rel-16 repetition factor and Rel-15 aggregationFactor couldn’t be enabled simultaneously since one single RRC flag is used to switch between them.
Proposal 8: Differentiation between Rel-15 mini-slot/slot aggregation and Rel-16 mini-slot repetition should be specified.
Regarding crossing the slot boundary, the repetitions should be allowed to cross the slot boundary.
PUSCH Resource Allocation with Frequency Hopping
As explained in 38.212 [1], for Resource Allocation type 1, the RB assignment information indicates to a scheduled UE a set of contiguously allocated localized or distributed virtual RBs within the active carrier bandwidth part of size . A downlink type 1 resource allocation field consists of a Resource Indication Value (RIV) corresponding to a starting virtual resource block  and a length in terms of contiguously allocated resource blocks .
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The maximum size of the UL BWP’s BW is 275RBs and 16 bits RIV are enough to cover all possible starting RBs and RB lengths. . But when frequency hopping is enabled, then hopping takes 2 bits from frequency domain allocation bits to indicate hopping position. The remaining 14 bits are used to represent the frequency allocation. Then, the maximum RIV using 14 bits is 0x3FFF  16383.
Hence, as shown in Figure 6, when using 14 bits for RIV value and BWP’s BW is 275, we can have allocation sizes: [1, 60] & [218, 275] resource blocks only.
Observation 4: When frequency hopping is enabled and when using 14 bits for RIV value and BWP’s BW is 275, we can have allocation sizes: [1, 60] & [218, 275] resource blocks only.
There is clearly a concern about the FD-RA due to the lost bits. The highlighted issue will limit the size and the position of the allocation when Frequency hopping is enabled. This may not be ideal for URLLC which requires in general large frequency allocation and more flexibility to meet the reliability and the latency requirements. 


[bookmark: _Ref528941270]Figure 6 : BWP’s BW with size > 60RBs and < 218RBs Not possible to allocate

To tackle this issue, we propose to use coarse step sizes for the RB length and the RB start when the frequency hopping is enabled. The step size  could be used for the RB start and step size   could be used for the RB length. It is desirable that step sizes  and  fulfil certain conditions to avoid holes in the spectrum and inefficient spectrum usage. For example to avoid holes in the spectrum, it is desirable that  and  verify the following equation:  
 =   where m is a positive integer. 
Proposal 9: Use coarse step sizes for the RB length and the RB start when the frequency hopping is enabled. Step sizes  and   should fulfil certain conditions to avoid holes in the spectrum and inefficient spectrum usage.
Step size could depend on the number of bits allocated for frequency hopping.  E.g. smaller step for 1 bit DCI FH and coarser step when 2 bits for FH.
Conclusion
In this contribution, we proposed multiple PUSCH enhancements. Based on the discussions and the analysis, we have the following observations and proposals:
Observation 1: CDD outperforms precoding if the targeted error rate is lower than 10-2.
Observation 2: high DMRS overhead is not needed to meet the targeted URLLC performance.
Observation 3: Supporting frequency hopping will limit the use of DMRS sharing.
Observation 4: When frequency hopping is enabled and when using 14 bits for RIV value and BWP’s BW is 275, we can have allocation sizes: [1, 60] & [218, 275] resource blocks only

Proposal 1: Study the possibility of supporting CDD for URLLC to enhance the UL transmit diversity.
Proposal 2: DMRS sharing should be supported for mini-slot repetition.
Proposal 3: To determine the PUSCH DMRS positions when DMRS sharing is enabled for mini-slot repetition, consider a group of repetitions as a single mini-slot and re-use the same specification given in section 6.4.1 on this basis [TS38.211].  
Proposal 4: A study of the trade-off between frequency hopping and DMRS sharing is needed. 
Proposal 5: Mini-slots grouping should be supported to enable frequency hopping and DMRS sharing simultaneously. 
Proposal 6: Allow for more than 2 frequency hops when mini-slot repetition is used.
Proposal 7: A frequency hopping pattern could be defined if more than two frequency hops are to be supported.
Proposal 8: Differentiation between Rel-15 mini-slot/slot aggregation and Rel-16 mini-slot repetition should be specified.
Proposal 9: Use coarse step sizes for the RB length and the RB start when the frequency hopping is enabled. Step sizes  and   should fulfil certain conditions to avoid holes in the spectrum and inefficient spectrum usage.
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