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1	Introduction
This paper is a revised version of R1-1712789.
In RAN1 #86b and #87, the following agreements are reached, respectively:
Agreements:
· For UL transmission for sTTI:
· TM1 and TM2 are supported.
· For 7-symbol TTI, the following sTTI structure is supported for UL sPUSCH:
[image: ]
Further, in RAN1#89, the following agreement was reached:
Agreement:
· An allocation based on the indication of the start and the length of allocation is supported in the UL for sPUSCH..

In this contribution paper, we focus on presenting more details related to the design of sPUSCH in low latency LTE systems as follows:
1) Backward compatibility and impact to legacy operation
2) sPUSCH resource allocation
3) TBS scaling
4) Number of CWs and layers.
5) Providing interference diversity for sTTI operation
6) UL MIMO considerations for the 1-slot operation. 
2	Discussion
2.1    Backward compatibility and Impact to the Legacy Operation
It is important that the low latency uplink operation remains backward compatible with the existing uplink LTE structure. Hence, when possible, eNB can implement operational changes that ensure that legacy and low latency uplink channels are not interfering each other, thereby allowing for joint and seamless operation. For example, using resource assignments that are non-colliding for legacy and low latency users can guarantee compatibility, albeit at the expense of some scheduling flexibility and efficiency of resource usage.
As already agreed in RAN1 #88b, PUSCH and sPUSCH will not be sent simultaneously over a given subframe of a given carrier. However, in certain situations, for example when legacy and sTTI channels are scheduled over the same subframe but on different CCs, specific transmission rules can be employed that alleviate the effects of the resource collision. For example, giving priority to the low latency channel and dropping the legacy transmission can be one suitable solution. Additionally, power allocations of the legacy and low latency channels needs to be considered under simultaneous operation by a UE. For cases where the UE is operating in a power limited scenario, the abrupt inclusion of a low latency channel in parallel with a legacy channel may potentially negatively affect the demodulation of the uplink legacy channel. 
Yet another potential collision case is a new low latency UE sPUSCH transmission colliding with a legacy UE PUSCH transmission. This may happen when the legacy UE PUSCH transmission was already granted, but there is a need to grant a low latency UE for sPUSCH transmission, while there is no extra resource left. In this case, the legacy UE cannot puncture the REs to avoid interfering with the low latency UE sPUSCH transmission. This collision can still be handled if the eNB takes into account the cross interference. The eNB also needs to control the location of sPUSCH to avoid interfering with the legacy UEs DMRS and UCI. The eNB can also control the transmit power and MCS of sPUSCH to handle the interference from legacy PUSCH.
[bookmark: prop_a]Proposal 1: Support efficient co-existence in a subframe between legacy and low latency users.
2.2    TBS Scaling for sTTI Operation
[bookmark: _Hlk494401540]As the TTI length reduces, the number of data REs decreases. As a result, a proper TBS resizing is required for both 2-symbol and 1-slot sTTI operations. One way to do this is to recreate the TBS tables specifically tailored for the 2-symbol sTTI and 1-slot sTTI operations. A simpler approach, however, is to scale the PRB sizes such that one can directly use the existing legacy TBS tables. 
In the UL, the number of REs within 1 PRB of a 2-symbol sTTI is approximately 6 times smaller than that of the 1ms TTI. Hence, in order to reuse the existing TBS tables, the number of PRBs used for a 2-symbol sTTI operation should be divided by 6 in order to obtain the number of PRBs to be looked at in the TBS tables. As a result, we have: 
#PRB  = max( #PRB_2sym_sTTI / 6, 1).
Another important aspect to consider is that under the 2-symbol sTTI operation, there are different data and pilot configurations. First, in order to keep the processing timeline fixed, the above equation should also be used in a case of a 3-symbol sTTI. When there is one data symbol and one DMRS symbol within a 2-symbol sTTI, the number of PRBs can be scaled down by an additional factor of 2 such that the effective code rate is normalized between the 1 and 2 data symbol cases. Hence, we have: 
#PRB  = max( #PRB_2sym_sTTI / 12, 1).
Similarly, since the number of REs per 1RB of a 1-slot sTTI is half the number of REs in one RB of a 1ms TTI, we propose to have:
#PRB  = max(#PRB_slot_sTTI / 2, 1).
Proposal 2: For TBS sizing of the 2-symbol and 1-slot sTTIs in the UL, the number of PRBs used to index the TBS block size table is determined by a floored scaling operation by a factor of 1/6 or 1/12 for the 2-symbol sTTI and a factor of ½ for the 1 slot sTTI case, on the allocation PRB size of the sTTI.
2.3    Number of Supportable CWs and Layers 
In legacy LTE, depending on the configured transmission mode, up to 2 CWs and 4 layers can be supported in the uplink. For each CW, MCS and NDI bit fields are considered in the DCI. 
In a low latency operation, due to the fact that resources are limited, it is essential to reduce the control signalling overhead. One way to do this is to limit the number of supportable CWs to only 1. Hence, we have:
Proposal 2: The maximum number of supported codewords for sPUSCH is 1.
Similar to the legacy approach, for both 2x2 and 4x4 MIMO scenarios, when the number of CWs is set to 1, up to 2 layers can be supported in the uplink. Hence, for the sTTI operation, we propose: 
Proposal 3: The maximum number of layers is 2 in the uplink of a low latency system.
2.4    Providing Interference Diversity for sPUSCH
In legacy LTE, each UL codeword  is scrambled by a scrambling sequence  according to:

where, the scrambling sequence generator shall be initialized at the start of each subframe according to:

Using the same scrambling sequence generator for an sTTI operation is not desirable. This is because if the scrambling sequence is set at the subframe boundary, the same sequence will be used for multiple UL sTTIs. Hence, in order to gain from interference diversity, the scrambling sequence initialization should be dependent on the sTTI index, or even each OFDM symbol index. Further, the scrambling sequence can be dependent on whether it is used for the initial transmission or retransmissions. Hence, we have that:
Proposal 4: For the UL sTTI operation, a codeword is scrambled by a sequence that is initialized differently based on the sTTI index, symbol index, and/or whether the scrambling sequence is used for the initial transmission or a re-transmission.
2.5    UL MIMO Considerations for 1-Slot TTI Operation
Starting from Rel-10, the UE can support SU-MIMO transmission of up to 4 layers. Additionally, the eNB can configure multiple UEs to transmit in an MU-MIMO configuration on resources that are either fully overlapping or partially overlapping in PRB assignment. To preserve orthogonality between different layers, one may use different cyclic shifts. Additionally, one may use different cyclic shifts across MU-MIMO users to preserve orthogonality, but only if the PUSCH allocations are fully overlapping. However, for the partially overlapping case, different cyclic shifts no longer preserve orthogonality across users. The addition of an orthogonal cover code (OCC) across two DMRS transmissions can enable MU-MIMO transmissions. If we consider an sTTI of 1 slot duration, this scheme no longer works as there is only 1 DMRS transmission. To enable MU-MIMO transmissions for partially overlapping PUSCH transmissions for a 1 slot sTTI, we consider an alternative method that provides orthogonality between users.
For a 1-slot sPUSCH, there is only a single DMRS transmission. Hence, orthogonality between the orthogonal code covers is no longer relevant. For the 1-slot sTTI users, they may still use separate cyclic shifts to preserve orthogonality across layers or across an MU-MIMO transmission where users have fully overlapping PUSCH transmissions. For the case of MU-MIMO PUSCH transmissions where the users are partially overlapping, the following can be considered:
· An interlaced comb structure for the DMRS similar to the construction of an SRS can be considered. By splitting the cyclic shifts across two combs, an even comb and an odd comb, the DMRS resources can be split orthogonally even if they occupy partially overlapping resources. This will allow 1-slot TTI users to access partially overlapping PUSCH resources with no DMRS interference, while still preserving SC-FDMA waveform properties. Note that such a feature is already agreed to be supported in Rel-14 as part of eFD-MIMO WID. This type of implementation allows for flexibility between SU-MIMO single UE transmissions supporting a full comb DMRS structure supporting a 4-layer transmission as well as a multiple UE MU-MIMO configuration supporting separated even and odd comb structures, while maintaining DMRS orthogonality across UEs. Additionally, it is possible to maintain the orthogonality between a slot-based sTTI user and a legacy Rel 14 UE, and a MU-MIMO configuration can be supported with partially overlapping resources between the two users. In Rel-14, UEs can be configured with a decimated DMRS comb structure, so if the two users pick different decimated DMRS combs (one even and the other odd), then orthogonality of the DMRS transmissions is preserved. 
· OCC-based DM-RS when there are back-to-back slot TTI transmissions for a UE. This implies that a UE may still follow a certain OCC code, similar to the 1-ms TTI case, for 1-slot sPUSCH transmission. Such OCC based approach makes it possible to perform partially overlapped MU-MIMO between 1-ms TTI PUSCH and 1-slot TTI PUSCH, and within 1-slot TTI sPUSCH transmissions.
Thus, we propose:
Proposal 5: For the 1-slot sTTI PUSCH transmission, consider supporting comb-based and OCC-based DM-RS transmissions to enable MU-MIMO transmissions across PUSCH of 1-ms and/or 1-slot TTIs that have partially overlapping allocations.

3	Conclusions 
Proposal 1: Support efficient co-existence in a subframe between legacy and low latency users.
Proposal 2: The maximum number of supported codewords for sPUSCH is 1.
Proposal 3: The maximum number of layers is 2 in the uplink of a low latency system.
Proposal 4: For the UL sTTI operation, a codeword is scrambled by a sequence that is initialized differently based on the sTTI index, symbol index, and/or whether the scrambling sequence is used for the initial transmission or a re-transmission.
Proposal 5: For the 1-slot sTTI PUSCH transmission, consider supporting comb-based and OCC-based DM-RS transmissions to enable MU-MIMO transmissions across PUSCH of 1-ms and/or 1-slot TTIs that have partially overlapping allocations.
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