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1	Introduction
In this contribution, we present design details for UL data channel implementation. 
2	Discussion
In this contribution, we consider some uplink design details for TTI shortening particularly focusing on the following issues:
· Backward compatibility and Impact to Legacy Operation
· Different shortened TTI design: 2-symbol TTI, and 1-slot TTI
· Block-based resource allocation for sPUSCH 
· 2-symbol sTTI patterns and DMRS locations
· TBS handling for shortened TTI
· UL MIMO consideration for 1-slot TTI
3	Backward Compatibility and Impact to Legacy Operation
It is important that the low latency uplink operation remains backward compatible with the existing uplink LTE structure. The existing numerology such as tone spacing, symbol duration, normal/extended CP durations should all be kept intact in the new design.
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.
In certain situations, collisions may not be completely avoidable, especially for cases where a legacy 1ms channel has already been assigned to a UE and a low latency PUSCH assignment is required to be transmitted from the same UE mid-subframe. In these circumstances, specific transmission rules can be employed that alleviate the effects of the resource collision. For example, giving priority to the low latency channel and puncturing the legacy transmission can be one suitable solution. Additional requirements may be imposed to ensure that certain resource elements such as the DMRS and UCI of the legacy channel, are not punctured by the low latency channel to ensure acceptable legacy demodulation performance. Further, the sPUSCH assignment should avoid colliding with the legacy PUCCH resources. This is because if PUCCH is punctured, the orthogonality across the symbols may be lost.
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.
4	Block-Based Resource Allocation for sPUSCH
Previously, we proposed to consider the block-based resource allocation for sPDSCH in [1]. In this section, we consider the concept of block-based resource allocation for sPUSCH.
Similar to the DL design, as the TTI length reduces, the sPUSCH design should efficiently support multiple sTTI users accessing the channel simultaneously. Additionally, indication of sPUSCH resources must be minimized to prevent large sPDCCH payload resulting in unacceptable control overhead. Allocation of sPUSCH resources into defined blocks of separate data regions wherein 1 or more users can access either 1, multiple contiguous, or all of the defined sTTI data blocks. A high level diagram of this structure is shown in Figure 1 for a 2-symbol sPUSCH. In this figure, four separate blocks are considered.


Figure 1: Block-based resource allocation for sPUSCH.
[bookmark: _GoBack]In general, there can be multiple blocks defined with varying sizes in frequency, and the blocks can be defined to span the whole system bandwidth or a portion of the bandwidth as shown in the figure. In particular, the sPUSCH blocks can be configured such that sPUSCH resources do not collide with the legacy PUCCH regions and also the new sPUCCH ACK format regions as discussed in [2]. Whether the top and bottom CSI format regions are available for sPUSCH transmission can be indicated by an addition of a 2bit field in the UL. 
The block structure can be semi-statically defined via higher layer signalling. This allows for a baseline resource structure that (1) does not consume legacy PDCCH or sPDCCH resource overhead to define, (2) can allow for multiple UEs to access an sTTI resource at the same time, (3) can allow for a UE to be flexibly allocated a variable allocation of sPUSCH resources within the same TTI, and (4) can be modified and changed as needed by the eNB via higher layer signalling.
The sTTI duration is fixed within a block. Within each sTTI, the UL grant can assign any ULL user to any contiguous set of blocks. In general, to ensure low PAPR, it is preferable to avoid assigning a set of non-contiguous blocks to a user. Assuming  blocks defined over an sTTI, the number of possible contiguous assignments is . Hence, overall, bits are needed for enabling the block-based resource allocation. As an example, if 4 blocks are considered, 4 bits are needed in the UL grant.  
Note that for slot sTTI, block based resource allocation may also be adopted, although the block size for slot sTTI and 2-symbol sTTI should generally be different. As an example, the resource allocation granularity for slot sTTI can be double that of the legacy 1-ms TTI based scheduling (e.g., 2-RB based block scheduling).
Proposal #2: A block based sTTI design should be considered at least for the 2-symbol sPUSCH, allowing eNB to flexibly assign one or more UEs to one or more contiguous sTTI blocks.

4	2-Symbol sTTI Pattern and DMRS Locations
In [3], we considered different sTTI layouts for 2-symbol sTTI, wherein the total number of sTTIs per subframe is set to be 6. In order to make sure that the sTTI boundaries are aligned with the slot boundary within each subframe, 3-symbol sTTIs are also considered. 
Equivalently, there needs to be 6 sTTIs defined in the UL over a 1ms subframe so that there is a 1-to-1 mapping between the 6 sTTIs defined in the DL with the same size set on the UL. Another important point to consider for the UL is that in order to allow SRS transmission over the last symbol of a subframe, sufficient resources should be incorporated in the last sTTI of a subframe. Hence, in the UL, in order to satisfy this constraint, we consider a 3-symbol sTTI as the last sTTI of a subframe. As a result, the following three configurations can be considered in the UL:
1. UL sTTI configuration #1: {3, 2, 2, 2, 2, 3}
2. UL sTTI configuration #2: {2, 3, 2, 2, 2, 3}
3. UL sTTI configuration #3: {2, 2, 3, 2, 2, 3}

As shown in [3], in order to select the best UL pattern, the overall HARQ turnaround time should be evaluated for various DL and UL patterns as a function of a HARQ delay . Our analysis in [3] illustrates that for all the considered DL layouts, and for the considered values of , the UL sTTI configuration #1 {3,2,2,2,2,3} provides the lowest average HARQ turnaround time. Hence, we have:
Proposal #3: For a 2-symbol sTTI operation in the UL, we propose to adopt UL configuration #1 {3, 2, 2, 2, 2, 3}. 
Once the UL sTTI pattern is decided, the next step is to determine the location of the DMRS symbols within a subframe. Clearly, for the case of 2-symbol sTTI operation, a static allocation of a DMRS signal results in an excessive DMRS overhead, thereby reducing the users’ data throughput. 
For the 2-symbol sTTI, the eNB can dynamically schedule the uplink DMRS position within the sPDCCH grant, and can multiplex multiple users by configuring each user to transmit with a different cyclic shift value. To signal the transmission of an uplink DMRS position, we can specify a set of 4 patterns that contain different data and DMRS placements within the sTTI as shown in Figure 2. The patterns can be configured from an uplink sPDCCH grant. Hence, 2 bits are required to be added in the UL grant.
This set of patterns can create any variety of PUSCH + DMRS sequences via multiple sequential sPDCCH grants.  Using pattern #3, a user can configure a DMRS transmission without sending a PUSCH allocation, thereby allowing for pre-allocating a DMRS reference signal for a future PUSCH allocation in a future sTTI. Also, note that two sets of patterns are given for the 2 symbol and 3 symbol sTTI cases.


[bookmark: _Ref465605598]Figure 2: Combinations of Dynamically Scheduled Uplink sPUSCH and DMRS allocations

Proposal #4: A dynamic UL DMRS structure should be implemented via selection selection of one of multiple defined PUSCH + DMRS patterns.
 
4	TBS Resizing
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 soft buffer management as well as 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 #5: For TBS sizing of the 2 symbol and 1 slot sTTIs 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 and ½, for the 2-symbol sTTI and 1 slot sTTI, respectively, on the allocation PRB size of the sTTI.

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 overlapping fully 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 multi-UE 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 as there is only one DMRS present within the shortened TTI. For 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 and 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 #6: 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.

6	         Conclusions 
Proposal 1: Support efficient co-existence in a subframe between legacy and low latency users.
Proposal #2: A block based sTTI design should be considered at least for the 2-symbol sPUSCH, allowing eNB to flexibly assign one or more UEs to one or more sTTI blocks.
Proposal #3: For a 2-symbol sTTI operation in the UL, we propose to adopt UL configuration #1 {3, 2, 2, 2, 2, 3}. 
Proposal #4: A dynamic UL DMRS structure should be implemented via selection of one of multiple defined PUSCH + DMRS patterns.
Proposal #5: For TBS sizing of the 2 symbol and 1 slot sTTIs 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 and ½, for the 2-symbol sTTI and 1 slot sTTI, respectively, on the allocation PRB size of the sTTI.
Proposal #6: 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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