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1 Introduction
In RAN#75, a work item proposal [1] for 3GPP V2X Phase 2 was approved. The following objective was specified:
3. Study the feasibility and gain of PC5 operation with Short TTI, assuming this PC5 functionality would co-exist in the same resource pools as Rel-14 functionality with and without using the same scheduling assignment format, and provide RAN1 observations and recommendations to RAN by RAN#77. [RAN1, RAN2] 
a) A following decision for normative work is up to consensus at RAN.

In this contribution, we further discuss this topic.
2 Discussion
PC5 operation with short TTI has potential benefits not only in terms of latency, but also in improved system level performance due to the reduced impact of the half-duplex issue and of in-band emissions [4]. On the other hand it poses some challenges. The present document discusses two of these challenges:

1. The overhead due to AGC and guard symbol.

2. Coexistence with legacy UEs in the same resource pools in UE-autonomous mode.

2.1 Overhead
For sidelink TTI, the first symbol is used for AGC adjustment and the last symbol is used as guard symbol. Thus the overhead is substantially increased for short TTI. Effective methods such as fractional symbol based method discussed in [1] [2] are worth studying to reduce AGC adjustment time and guard time overhead for V2V communication. 
We can use a guard gap of half a symbol in the guard symbol. The other half of the guard symbol can be used for V2V transmission. The half-symbol gap can be simply implemented by only using half the subcarriers (i.e. every second subcarrier) of the selected resource. As in ordinary SC-FDMA, the data modulated symbols can be DFT-precoded first, then mapped to the alternate subcarriers for low PAPR. After IDFT modulation, a repetitive time structure with two identical parts is generated, and the second part can be discarded to reserve the guard gap, as shown in the following figure. Similar scheme can also be applied to the AGC symbol.
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Figure : half-symbol gap illustration
Proposal 1: Methods to effectively reduce overhead introduced by AGC and guard symbols are worth studying for V2V communication with short TTI. 
Proposal 2: Consider fractional symbol based method for both AGC and guard symbols in slot level sTTI.
2.2 Coexistence with legacy UEs
2.2.1 The problems of Coexistence with legacy UEs
For brevity, in the following text those UEs which do support transmission and reception using short TTI will be referred to as “R15 UEs”, while UEs which do not support short TTI will be called “R14 UEs”.

A problem arises if R15 UEs using short TTI transmissions have to coexist in the same resource pool with R14 UEs and that resource pool is configured such that UEs have to use sensing - SA decoding and energy measurements - for resource selection:

If the UE using short TTI transmission applies the short TTI to its transmissions of both data and SA, then the SA transmitted using short TTI cannot be decoded by R14 UEs (which by definition do not support short TTI), hence sensing will not work as designed, resulting in a higher rate of collisions. If on the other hand the UE using short TTI transmissions applies short TTI only to its data transmissions, while applying the normal TTI (1 subframe of length 1 ms) to its SA transmissions then the SA can be decoded by R14 UEs, however the benefits of using short TTI will be reduced; e.g. because the UE’s SA transmission will last for a normal TTI the UE will be unable to receive for the duration of a normal TTI, hence the benefit of mitigating the half-duplex issue will be lost.
Observation 1: If the UE transmits sTTI data along with full TTI SA transmission then benefits of sTTI transmission are lost. 
A second problem is resource fragmentation in the time domain when R14 UEs using sensing-based resource selection coexist with short TTI transmissions in the same resource pool:

R14 UEs should avoid colliding with UEs using short TTI transmission. Without loss of generality, let us consider the case of 2 UEs performing short TTI transmission of TTI=1 slot (compared to normal TTI transmission of TTI=1 subframe = 2 slots) and utilizing all the resources in the frequency domain: If these 2 UEs perform their transmission in different subframes then two subframes are completely “lost” to R14 UEs; if on the other hand it was possible to let these 2 UEs transmit in adjacent time slots in the same subframe then only one subframe would be lost to R14 UEs.

Observation 2: Uncoordinated sTTI transmissions may lead to “resource fragmentation” from the point of view of UEs not supporting sTTI. 
A third problem is related to the energy measurement aspect of sensing-based resource selection by R14 UEs: 

If short TTI transmissions occupy only a fraction of the time in a subframe, then an R14 UE, based on measuring energy averaged over the whole duration of the subframe, may come to the conclusion that the resources are occupied with low energy and hence it is acceptable to collide with them. This problem is closely related to the second problem outlined above.

Observation 3: Uncoordinated sTTI transmissions may lead to misleading energy measurements by UEs not supporting sTTI.
A fourth problem is that if only a fraction of the time span of a subframe is occupied by short TTI transmissions then R14 UEs will experience strong variations in receive power, which may cause problems for their automatic gain control (AGC) and result in increased quantization and clipping noise.
Observation 4: Uncoordinated sTTI transmissions may lead to AGC problems and increased quantization and clipping noise.

2.2.2 Proxy SA
Platooning is an interesting use case where the coexistence problems outlined in the previous section can be overcome; the relevant properties of platoons are briefly listed here:

· There is a designated platoon leader, tasked with managing the platoon. This platoon leader has some degree of control over the platoon members and could be involved in scheduling transmissions of the platoon members.
· Many of the V2V messages sent be platoon members are internal to the platoon and do not need to be received by UEs outside the platoon (UEs outside the platoon just need to be able to sense these transmissions).

· The members of the platoon all transmit intra-platoon messages of the same (or similar) size, and at the same rate, and using the same modulation and coding scheme (MCS); e.g. the message rate will depend on platoon characteristics such as the platoon’s current velocity and target inter-vehicle distance. 
In this scenario we can observe that the SA (or at least not all of the information in the SA) does not have to be transmitted by the same UE as the corresponding data. Such an SA transmission by one UE on behalf of another UE will be called “proxy SA”, the UE transmitting proxy SAs will be called “SA proxy” and the UE on whose behalf the proxy SA is transmitted will be called “SA-proxied UE” in the following. In the illustrative scenario, the SA (or at least part of the SA) for some or all of the UEs in the platoon (the SA-proxied UEs) can be transmitted by the platoon leader acting as SA proxy. This of course requires the SA proxy to have sufficient knowledge about the data transmissions of these SA-proxied UEs such that it can populate the information fields in the proxy SA transmissions. If the SA proxy does not have sufficient knowledge about a parameter of the data transmissions of an SA-proxied UE, such a parameter can still be further indicated by the SA-proxied UE (see details below re. additional sTTI SA).

The proxy SA transmission will use the normal TTI, while the associated data transmissions will use short TTI. The proxy SA will use the R14 format (SCI format 1), but potentially utilizing some of the reserved bits in that format.

A single proxy SA transmission can schedule one or more short-TTI data transmissions by one or more SA-proxied UEs; these data transmissions will all take place in the same subframe as the associated proxy SA transmission.

With this scheme, the SA-proxied UEs will transmit for only the short TTI duration within a subframe and hence can receive other R15 UEs’ transmissions in the remaining parts of the same subframe, thus enjoying the benefit of reduced impact of the half-duplex issue. The proxy SA transmission on the other hand will use normal TTI and reuse the R14 format, hence can be decoded by R14 UEs. R14 UEs can hence use sensing based on SA decoding to avoid collisions with the short TTI data transmissions. As a result, the first problem outlined in the “Problems” section is overcome.

Further, if the timing of the SA-proxied UEs’ data transmissions can be controlled centrally by the SA proxy or in a cooperative fashion among SA-proxied UEs and SA proxy then the severity of the issue of the second problem, “resource fragmentation in the time domain”, can be reduced by scheduling multiple UEs’ sTTI data transmissions in the same subframe(s). Ideally, these multiple UEs scheduled for data transmission in the same subframe are in close proximity to each other, resulting in similar path loss to R14 UEs performing energy measurement. This can solve the second problem outlined in the “Problems” section. In addition, this helps to mitigate the third and fourth problem outlined in that section, particularly if the full time span of the subframe can be occupied by short TTI transmissions.

Observation 5: Coordinated sTTI data transmission along with full-TTI proxy SA transmission can overcome the problems described above.
2.2.2.1 Potential Contents of proxy SA
The design considerations are:

· R14 UEs must be able to decode the proxy SA and use its contents for sensing-based resource selection;

· R15 UEs must in addition be able to extract the information required to receive and decode the associated short-TTI data transmission(s).

Priority (PPPP) field:
In many cases, all the data transmissions scheduled by a single proxy SA will have the same priority, so this field will simply be populated with that priority. If on the other hand there is more than one priority present among these data transmissions then the SA proxy will populate this field with the highest priority (lowest PPPP value) among all the data transmissions associated with this proxy SA transmission; the rationale is that the sensing-based resource selection decisions by R14 UEs will take this field into account and prefer, ceteris paribus, to collide with low priority transmissions.
Resource reservation field:
In the illustrative scenario all data transmissions have the same period, hence the same value for this field.

Frequency resource location of initial transmission and retransmission field:
Set to the envelope of all associated data transmissions (that is the smallest R14-compatible allocation that includes all the resources used for short TTI data transmissions).

Modulation and coding scheme field:
Assumed same for all associated data transmissions, hence set to that MCS value.

Reserved information bits:
There are at least 7 and at most 15 reserved information bits available in SCI format 1, depending on the number of subchannels in the resource pool. Some of these spare bits can be used to provide the additional information needed by R15 UEs to receive and decode the one or more associated data transmissions.

For an R15 UE to receive and decode the short TTI transmissions associated with a proxy SA, the following information may be needed in addition to the information in the legacy SCI format 1:

Duration of short TTI
It may not be necessary to explicitly signal this: The 3GPP specification may provide for only a single V2X sidelink short TTI duration, e.g. short TTI = 1 slot, eliminating the need for this parameter. Alternatively, if the specification allows multiple values for short TTI duration, then a single common short TTI duration may be negotiated during establishment of the proxying association between SA proxy and SA-proxied UEs.


Which of the sTTI locations within the subframe are occupied
This could be explicitly signalled by a bitmap, of length equal to the number of short TTI occasions within a subframe (e.g. 2 bits if the short TTI’s duration is equal to 1 slot). Alternatively, R15 UEs can blindly try to receive data for each short TTI occasion within the current subframe.

If the associated data transmissions do not all occupy the same resources in the frequency domain: Frequency resource location of individual data transmissions
This is not needed if all associated data transmissions occupy the same resources in the frequency domain within the current subframe. Otherwise the delta between the frequency resource location indicated in the legacy part of SCI format 1 and the individual short TTI data transmissions can be signalled for each associated data transmission in the current subframe.


If the associated data transmissions do not all use the same MCS: MCS of individual data transmissions

If any or all of the above parameters need to be explicitly signalled then the following alternatives can be considered:

· Signaling in the reserved information bits of the SCI format 1;

· If the number of bits in alternative 1 is not sufficient, then an additional non-proxied SA transmission could be introduced; that is, each SA-proxied UE would transmit an additional short TTI SA containing the information needed to receive and decode the associated data transmissions. This additional SA would be transmitted at the same time as associated data transmission and on frequency resources which can be derived from the frequency location of the associated proxy SA.

· A combination is also possible, e.g. a flag in the reserved bits of the proxy SA could indicate if additional non-proxied SAs are sent in the current subframe.

If an additional sTTI SA is transmitted by an SA-proxied UE, it would also be possible for it to contain fields which override those of the proxy SA. For example, if the MCS of the sTTI data transmission were different from that signalled in the proxy SA, the sTTI SA could signal a different MCS which would override the MCS indicated in the proxy SA. 
The figure demonstrates in (a) the case where all required signalling information is contained in the proxy SA, in (b) the case where an additional sTTI SA is transmitted by each SA-proxied UE.
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The SA proxy can only usefully schedule sTTI transmissions that it is not expected to receive itself (due to the half-duplex issue); this is not a problem in the platoon scenario where the periodic intra-platoon messages need to be received mainly by the vehicles behind the sending vehicle.
2.2.2.2 PSCCH transmit power of proxy SA

The power of the proxy SA transmission may need to be boosted since pathloss between the SA proxy (transmitting PSCCH of proxy SA) and receiver UE may be higher than between SA-proxied UE (transmitting PSSCH) and receiver UE, and reception of PSCCH is critical to decoding PSSCH.
3 Conclusions

In this contribution we discussed some problems and potential solutions associated with short TTI operation, and make the following observations and proposals:

Proposal 1: Methods to effectively reduce overhead introduced by AGC and guard symbols are worth studying for V2V communication with short TTI. 


 REF P_FractionalSymbol \h 

Proposal 2: Consider fractional symbol based method for both AGC and guard symbols in slot level sTTI.


 REF O_ShortDataFullSA \h 

Observation 1: If the UE transmits sTTI data along with full TTI SA transmission then benefits of sTTI transmission are lost. 

Observation 2: Uncoordinated sTTI transmissions may lead to “resource fragmentation” from the point of view of UEs not supporting sTTI. 


 REF O_EnergyMeas \h 

Observation 3: Uncoordinated sTTI transmissions may lead to misleading energy measurements by UEs not supporting sTTI.


 REF O_AGC \h 

Observation 4: Uncoordinated sTTI transmissions may lead to AGC problems and increased quantization and clipping noise.



 REF O_CoordProxySA \h 

Observation 5: Coordinated sTTI data transmission along with full-TTI proxy SA transmission can overcome the problems described above

Proposal 3: Study proxy SA transmission and coordinated sTTI data transmission as candidate mechanisms to support coexistence with legacy UEs in mode 3. 
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