
3GPP TSG-RAN WG1 Meeting 85
R1-165033
23 – 27 May 2016, Nanjing, China
Source:
Panasonic
Title: 
Uplink Subframe Structure
Agenda Item:
6.2.1.1
Document for:
Discussion
1 Introduction

The uplink channel access for LAA has been discussed to some extent during the Release 13 LAA Study Item. However, as UL has not been included in the Release 13 LAA Work Item, only some suggestions for the UL subframe structure have been submitted and discussed.

2 Length and Transmission Timing of an UL Subframe
A straight-forward approach for LAA uplink transmissions is to skip the CCA on UE side prior to the individual uplink transmission; the CCA is basically performed on eNB side before scheduling the uplink transmissions. This however may be not possible due to coexistence fairness issues and/or regional regulations. The approach is shown in Figure 1 and will be referred to as Option A in the following.
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Figure 1: PUSCH transmission without CCA gaps (Option A)
Another approach that has been proposed at RAN1#81 by Intel [1] is shown in Figure 2. The idea is here to create CCA gaps between consecutive LAA uplink subframes in order to facilitate individual CCA for each UE prior to the individual uplink transmission. The CCA gaps are created by muting/puncturing the last symbol of an LAA uplink subframe, similar to the approach for shortened UL subframes in case of SRS transmissions. This approach will be referred to as Option B in the following.
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Figure 2: PUSCH transmission with CCA gaps due to symbols muting/puncturing (Option B)
The CCA gap is quite large (71.3 us in case of normal CP length); it creates an increased chance for Wi-Fi nodes to occupy the channel within that CCA gap. The result is that Wi-Fi nodes might actually benefit more from such a strategy than LAA nodes. In addition, all UL subframes except the last one can carry only 13 SC-FDMA symbols.
In order to reduce the CCA gap duration between subsequent LAA uplink subframes compared to Option B, we think that Option B needs to be refined into option C. This can be achieved by defining a TA offset that is applied in addition to the indicated TA value to determine the starting time of the transmission.
LTE uplink subframes are normally transmitted according the configured TA value of a UE. This TA facilitates the synchronous arrival of uplink transmissions on eNB side in order to maintain subcarrier orthogonality in case of FDMA transmissions.
Like in Option B, the duration of the first uplink subframe is reduced from 14 to 13 symbols. By assigning additional TA offsets for subsequent transmissions, the CCA gap between the subframes is reduced. In the example given in Figure 3, the second uplink subframe is advanced by the TA offset by the corresponding UE to perform the uplink transmission with an additional timing offset with regard to that TA value. This reduces the CCA gap duration between first and second uplink subframe, and additionally creates a CCA gap between second and third uplink subframe.
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Figure 3: Creation of overall CCA gap duration

For example, the length of the last SC-FDMA symbol of 71.3 us is halved to create two CCA gaps of 35.65 us each - i.e. each CCA gap is almost the same duration as a Wi-Fi DIFS (34 us). Then a UE intending to transmit in the 2nd UL subframe needs to advance its transmission timing by TA_offset1=35.65 us, while a UE intending to transmit in the third subframe would not need to advance its transmission timing. As can be seen, a subframe that applies the TA offset can still support a normal subframe length of 14 SC-FDMA symbols. In case of a long burst, therefore every 2nd subframe (plus the last one) can support 14 symbols.
In summary we see two main advantages of Option C compared to Option B:

1. Reduced CCA gap duration between subsequent LAA uplink transmissions ( fair channel opportunities for Wi-Fi and eLAA.
2. Less overall symbol muting/puncturing ( increased LAA uplink throughput

We think that offset values could be fixed in the specification or semi-statically configurable (if necessary). The UE could know implicitly whether the offset is applied if it is aware of the position of the subframe in the burst, or it could be informed explicitly by the uplink resource grant. For those subframes where the offset is applied, a UE should transmit 14 SC-FDMA symbols, while for others it would prune the last SC-FDMA symbol. As the offset value is common among all UEs to transmit in the same subframe, FDM operation among UEs is not influenced by this operation.
3 Initial UL Partial Subframe

If a transmission can only start at the beginning of the scheduled subframe, the possibility of sending a PUSCH is decreased due to LBT at UE. In case of such a restriction, there is a great risk that the PUSCH transmission is dropped by the UE. This will increase the delay for the packet delivery, and this implies increased downlink control overhead for the subsequent attempts to transmit the packet. These would be particularly detrimental for the case of cross-carrier scheduling.

In an environment where the eNB knows that a lot of traffic is occurring, it would be ambitious to schedule UL. If very little traffic by other nodes is observed, then full subframes could be available almost all of the time. Overall we consider that having only full UL subframes supported by the system is sufficient in the following cases:

· Reservation like RTS/CTS by the eNB is possible (and reasonable); or

· Almost isolated eLAA cell (no other traffic); or

· UE may transmit without CCA

For other cases, we think it is better if partial subframes are supported so that the eNB can schedule a bit more aggressively/optimistically on the unlicensed carrier. The improved access probability can be achieved by allowing the UE to start transmissions not only at the subframe boundary, but also at later SC-FDMA symbols for the case that the channel clears within a subframe. How many starting symbols and their positions would need to be evaluated, taking the access probability as well as the implications on the preparation in the baseband and higher layers into account. In our view, at least two starting positions should be supported, at the beginning of each slot within a subframe. Since there are scenarios where a partial subframe is not necessary (e.g. in the cases mentioned above), we think it is not necessarily a mandatory feature, but may be left under control of the eNB. 
4 Conclusion

In order to ensure a fair access probability for LAA UL and e.g. WiFi nodes and to avoid excessive SC-FDMA symbol pruning, we suggest introducing an additional TA offset value of 35.65 us to be applied by UEs accessing the unlicensed carrier. The UE could know implicitly whether the offset is applied if it is aware of the position of the subframe in the burst, or it could be informed explicitly by the uplink resource grant. 
In addition, we suggest supporting at least two uplink transmission starting positions by specification, at the beginning of each slot within a subframe. Enabling the partial UL subframe feature would not necessarily be mandatory, as there could be cases where it is not necessary, therefore its usage may be left under control of the eNB.
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