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1 Introduction

In this contribution, we provide our views on the physical layer design for TTI shortening for uplink transmissions on PUSCH. We describe how to extend the design for PUSCH with a shortened TTI length. 
2 Discussion
2.1 Short TTI configurations

In this section, we outline principles for the short TTI (sTTI) configurations for uplink transmission, together with considering different sTTI lengths. During the study item on latency reduction multiple sTTI lengths are being considered in this discussion we make the assumptions that multiple sTTI lengths will be supported and design is done keeping this in mind. However the actually design detail is valuable even if a single sTTI length is supported.
Uplink frequency hopping on slot basis can be applied to PUSCH transmissions. This implies that the frequency bands allocated for uplink sTTI transmissions may vary between two slots within a subframe when intra-subframe frequency hopping is supported for UEs not operating with sTTI. Such operation may require that the sTTI band in itself follows the same hopping pattern. Further to allow a good resource utilisation it would be good to be able to multiplex UEs operating with different sTTI lengths in the same sTTI band. If one UE applies slot based sTTI length and another UE operates with a shorter sTTI bandwidth the resource utilisation becomes more efficient if they can be staked after each other in time. Therefore, it is suggested to not support uplink sTTI transmission across slot-boundary.
Proposal 

· Uplink sTTI transmission is not mapped across slot-boundary.
Further to simplify the design it would be good if the general sTTI structure is the same in both slots in a subframe for a given sTTI length. With of course of the exception that SRS may be transmitted in the last OFDM symbol in the second slot. However, for a given configured sTTI length, the starting and ending positions of the different sTTIs should be the same in the first slot and in the second slot of a subframe.
Proposal

· Common sTTI design for both slots in a subframe for sPUSCH for a given sTTI length
2.1.1 Short TTI patterns for sPUSCH

To further progress the design it would be good to identify the different sTTI pattern options for sPUSCH depending on the sTTI length. This is also discussed in [1]. The same discussion is continued here for sPUSCH in more specific detail regarding the DMRS position. For sPUSCH there are in principle three different sTTI lengths to consider: 7, 3/4, and 2/3 OFDM symbols. The previously described design assumptions together with the existence of potential SRS transmission will make it difficult to support a sTTI pattern having only 2 or 4 OFDM symbols as sTTI length. 
Examples of short TTI patterns for sPUSCH are given in Figure 1, Figure 2 and Figure 3. In these patterns, the DMRS symbol is placed at the beginning or in the middle of the sTTI so that the decoding of sPUSCH can start before the end of the sTTI. This enables the eNB to know earlier if a retransmission is needed and to schedule it with reduced delay.
Proposal

· It is recommended that sPUSCH patterns with early position of DMRS within sTTI are supported
Another aspect to consider further is the benefit of reusing the current DMRS positions of PUSCH for sPUSCH as this will improve channel estimation by reducing inter-cell interference from neighbouring cells. Another benefit of having common DMRS positions for different UL sTTI configurations is that it allows the eNodeB to operate MU-MIMO between UEs with different sTTI lengths. If the usage of common DMRS positions for different sTTI lengths is seen as beneficial, the pattern in Figure 3a is more suitable than the one in Figure 3b for 2 symbol TTI length. However, if SRS transmission is scheduled, the last sTTI of Figure 3a is unusable, while it is not the case with Figure 3b.
Observations
· There are advantages to have common DMRS positions between sPUSCH and PUSCH and also between sPUSCH patterns of different sTTI lengths 
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Figure 1: Example of a 7-symbol sTTI configuration in a subframe
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Figure 2 Example of a 4-symbol sTTI configuration in a subframe without DMRS multiplexing/sharing.
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	(a) Pattern with common DMRS positions with the patterns of other sTTI lengths
	(b) Pattern without common DMRS position with the patterns of other sTTI lengths


Figure 3 Examples of a 2/3-symbol sTTI configuration in a subframe without DMRS multiplexing/sharing.

It has been shown in the link-level results and system evaluations in [2] that to limit the RS overhead is beneficial to support both DMRS multiplex and DMRS sharing. DMRS multiplexing is defined by multiple UEs share the same DMRS resource but not the same resources for the data part of sPUSCH and DMRS sharing is defined by that the same UE only transmits a single RS when transmitting multiple sTTIs. By definition it is not possible to support DMRS multiplexing for a slot based sTTI length (although MU-MIMO can be supported). DMRS sharing would potentially be possible to support for a slot based sTTI length. However the gains with supporting DMRS sharing will become larger for smaller sTTI lengths as the proportional overhead of the DMRS becomes larger.

Proposal

· For sTTI lengths of an OFDM symbol length of 3/4 and 2/3 the following is recommended to be supported:

· DMRS position can be shared but not the data part from multiple UEs for an sTTI transmission, i.e. DMRS multiplexing

· For consecutive sPUSCH transmissions by the same UE, DMRS can be included only in a subset of them, i.e. DMRS sharing
· Discuss further whether or not DMRS sharing is supported for an sTTI length of 7 OFDM symbols
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Figure 4 Example of a 4-symbol sTTI configuration in a subframe with DMRS multiplexing/sharing.
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	(a) Pattern with common DMRS positions with the patterns of other sTTI lengths
	(b) Pattern without common DMRS position with the patterns of other sTTI lengths


Figure 5 Example of a 2/3-symbol sTTI configuration in a subframe with DMRS multiplexing/sharing.

From a broad point of view it is preferable that DMRS multiplexing and DMRS sharing are not made mandatory to operate for certain sTTI lengths but instead can be used if the eNB chooses to use them. DMRS multiplexing and DMRS sharing have benefits in terms of RS overhead but they have drawbacks if used for high MCS transmissions or in very high delay spread scenarios. The eNB should thus be able to switch between these two modes of operation. As shown in Figure 4  REF _Ref449449591 \h 
it is possible to allow operation of DMRS multiplexing/sharing with a sTTI length of 4 OFDM symbols. If the eNB does not want to utilise DMRS multiplexing/sharing it can configure the pattern in Figure 2 instead. The same applies for sTTI length of 2 symbols. If eNB wants to operate using DMRS multiplexing/sharing, the pattern in Figure 5a or Figure 5b is configured. Otherwise the pattern in Figure 3 without DMRS multiplexing/sharing is used.

Proposal

· For sTTI lengths of an OFDM symbol length of 3/4 and 2/3 the following is recommended to be defined:
· Configuration parameters for the eNB to select between operation with DMRS multiplexing/sharing and operation without DMRS multiplexing/sharing
At least two parameters are needed to allow different sPUSCH patterns as illustrated in the above figures. The UE needs to know the sTTI length used for sPUSCH transmission and it needs to know the DMRS positions. These two parameters can in principle be configured separately. The sTTI length for a given UE may not need to be changed as often as the DMRS configuration. The DMRS configuration needs to adapt to the number of active UEs, the type of these UEs (high MCS expected or not), their buffer status, etc. It should thus be sent on PDCCH or sPDCCH. The sTTI length for sPUSCH needs to be based on coverage aspects, i.e. as the UE goes more and more into a bad coverage area the eNB would adapt by configuring a longer and longer sTTI length. RRC configuration of the sTTI length would be sufficient for this case. However, faster adaptation of the sTTI length can be beneficial in case of TCP traffic to adapt the sTTI length according to an estimate of the approaching end of the TCP slowstart phase, as studied in [3]. This would require a faster signalling of the sPUSCH length over a UE-specific DCI sent on PDCCH or sPDCCH. In this case, a joint configuration of TTI length and DMRS position can be considered.  
2.2 Uplink control information

Uplink control information (UCI) consists of HARQ-ACK bits, CSI and scheduling request. In legacy operation, if the UE does not have a valid scheduling grant in current subframe, UCI is sent with PUCCH, otherwise, UCI is always time multiplexed with the coded data onto the PUSCH. When introducing sTTI, how to send UCI needs to be considered.

When sPUCCH and sPUSCH have the same short TTI length, it is straight forward to follow the legacy rules to send UCI, i.e. if the UE does not have a valid scheduling grant in current subframe, UCI is sent with sPUCCH, otherwise, UCI is multiplexed with the coded data onto the sPUSCH. However, in case of different lengths of sPUCCH and sPUSCH, UCI sent on sPUCCH may collide with sPUSCH transmission (overlap within OFDM symbols). In this case, eNB should take into account the presence of HARQ-ACK when scheduling sPUSCH, so that the UCI is always sent on sPUSCH if there is a valid UL scheduling grant for the UE and if the scheduled sPUSCH is within the same slot as the sPUCCH. 
Proposal

· The UCI is always sent on sPUSCH if it overlaps with sPUCCH in time.
Frequent CSI feedback can be helpful for fast link adaptation. In legacy operation, this is enabled by periodic CSI feedback on PUCCH together with aperiodic CSI feedback. When introducing multiple sPDCCH in a single subframe, it is possible to retrieve more frequent aperiodic CSI feedback on sPUSCH. Therefore, it can be sufficient to only support aperiodic CSI reports for sTTI transmissions. Moreover, the resource elements allocated to a sPUSCH can be significantly larger than that of a sPUCCH, which makes it more suitable to transmit large payload CSI reports on sPUSCH.
Proposal

· Support only aperiodic CSI reports on sPUSCH for sTTI transmissions, in addition to existing CSI reports on PUCCH and PUSCH.

2.3 Handling collisions of sPUSCH and PUSCH
If legacy PUSCH and sPUSCH are transmitted from different UEs on the same resources, the sPUSCH can suffer from a large level of interference created by the legacy PUSCH transmission. Notice that the power allocated for PUSCH and sPUSCH can be significantly larger than the noise power. This interference can destroy the decoding for sPUSCH. For decoding PUSCH, the eNodeB can either remove the data symbols that are overlapped with the sPUSCH transmission, or it can try to decode PUSCH by treating sPUSCH as interference. However, both of these approaches may result in a failure decoding of PUSCH. In the end the specification would make it possible for the eNB to schedule like this. Further support than this we do not see as beneficial as it will result in significant performance degradation.
The current discussion here is very detailed as it was in RAN1 #84bis and could equally well fit within a potential work item on the area. As the discussion has started we provide our views. If a UE is scheduled for a sPUSCH transmission when legacy PUSCH transmission for the same UE has already been scheduled, and the resources allocated for sPUSCH is overlapped with that for legacy PUSCH, the UE can puncture the PUSCH by only transmitting sPUSCH on the overlapped resources. In this case, sPUSCH can be decoded by eNodeB. However, due to the puncturing, the PUSCH data symbols that are supposed to be transmitted on the overlapped resources are lost. Thus, the eNodeB may not be able to decode legacy PUSCH. Another case that was discussed was the case for which the resources are not overlapping. The effect may however be similar particularly for shorter sTTI due to power control changes and correspondingly the PUSCH may not be possibility to decode in this case either. The use case however for both of these cases (as it is the same) need to be better understood in general before any support for it is added. 
Proposal
· A UE is not expected to transmit legacy PUSCH and sPUSCH in the same subframe on one carrier. No specification support is needed for this case as it is seen as an eNB error to schedule both at the same time
3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposals:

· Uplink sTTI transmission is not mapped across slot-boundary.
· Common sTTI design for both slots in a subframe for sPUSCH for a given sTTI length
· It is recommended that sPUSCH patterns with early position of DMRS within sTTI are supported
· For sTTI lengths of an OFDM symbol length of 3/4 and 2/3 the following is recommended to be supported:

· DMRS position can be shared but not the data part from multiple UEs for an sTTI transmission, i.e. DMRS multiplexing

· For consecutive sPUSCH transmissions by the same UE, DMRS can be included only in a subset of them, i.e. DMRS sharing
· Discuss further whether or not DMRS sharing is supported for an sTTI length of 7 OFDM symbols
· For sTTI lengths of an OFDM symbol length of 3/4 and 2/3 the following is recommended to be defined:
· Configuration parameters for the eNB to select between operation with DMRS multiplexing/sharing and operation without DMRS multiplexing/sharing
· The UCI is always sent on sPUSCH if it overlaps with sPUCCH in time.
· Support only aperiodic CSI reports on sPUSCH for sTTI transmissions, in addition to existing CSI reports on PUCCH and PUSCH.

· A UE is not expected to transmit legacy PUSCH and sPUSCH in the same subframe on one carrier. No specification support is needed for this case as it is seen as an eNB error to schedule both at the same time
Observations
· There are advantages to have common DMRS positions between sPUSCH and PUSCH and also between sPUSCH patterns of different sTTI lengths 
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