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At the RAN1 #84bis meeting, PUSCH subframe structure was discussed and following agreements were achieved [1].
Agreement:
· One symbol in a subframe containing PUSCH can be blanked 
· FFS whether to have more than one blanked symbol
· FFS whether it’s cell-specific or UE-specific
Agreements:
· Dynamic signaling indicates whether PUSCH in a UL subframe is transmitted from 
· Start of DFTS-OFDM symbol 0 or
· Start of DFTS-OFDM symbol 1
· FFS: Within DFTS-OFDM symbol 0
· Dynamic signaling indicates whether PUSCH in a UL subframe is transmitted up to OFDM symbol 13 or OFDM symbol 12
· Any combination of above options can be enabled by the dynamic signaling

In addition, PUSCH resource allocation was also discussed at the meeting and following agreement was made [1].
Agreement:
· For eLAA PUSCH transmission, one interlace is the basic unit of resource allocation, which is composed of 10RBs for 20MHz
· Working assumption: the 10RBs are spaced equally in frequency domain for 20MHz
· Ex for 20MHz eLAA SCell: interlace 0 is composed of RBs 0,10,20,...,90
· Send an LS to RAN4 asking whether or not RAN4 sees issues with the working assumption. RAN1 also discussed the possibility of having unequal spacing in frequency domain for the 10-RB interlace based resource allocation – Jeongho (Intel) - R1-163703 – approved in R1-163683
· FFS the case of other system bandwidth(s)
· A UE can be assigned one or more interlaces
· The total number of RBs used for transmission should be a multiple of 2,3 and 5
· Decide one of the following alternatives:
· Alt 1: UL resource allocation type 0 is used to allocate multiple interlaces to a UE
· UL grant indicates start index and allocated number of interlaces with consecutive indices
· Alt 2: bitmap based resource allocation
· Alt 3: predefined resource allocation patterns
· FFS: excluding some UL RBs from the resource allocation

In this contribution, we discuss further on FFS points in the above agreements and provide our views.
PUSCH subframe structure
According to the agreement, there are following four possible PUSCH structures for UL subframe as shown in Figure 1.
(1) PUSCH from symbol#0 to symbol#13
(2) PUSCH from symbol#0 to symbol#12
(3) PUSCH from symbol#1 to symbol#13
(4) PUSCH from symbol#1 to symbol#12
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Figure.1 Possible PUSCH structures for UL subframe
Last blanked symbol in PUSCH structure (2) and (4) can be used for SRS transmission so as to achieve PUSCH+SRS transmission in the UL subframe. In addition, it is also possible to not utilize the last symbol for SRS transmission so that the time gap due to blanking can be used for CCA towards use of next subframe. 
On the other hand, first blanked symbol in PUSCH structure (3) and (4) would be used for UL CCA. For example, if UL subframe is within DL MCOT and previous subframe of UL subframe is a DL full subframe, 25 us CCA will be performed within first blanked symbol of UL subframe. But since 25 us is much shorter than one symbol duration, detail usage of this first symbol duration should be clarified. We have assumed that UL CCA will start from the beginning of UL subframe, i.e., beginning of the first blanked symbol when PUSCH structure (3) or (4) is indicated, and remaining part of the first symbol after LBT succeeds may or may not be used for transmission of e.g., pre-defined signal.
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Figure.2 Examples of DL+UL transmission within MCOT
[bookmark: _GoBack]The channel will become available for LAA at the middle of subframe in many cases due to the coexistence with unsynchronized systems. As shown in top example of Figure 2, if UL subframe follows DL full subframe, total transmission duration of DL+UL may not be able to fully utilize the duration of MCOT limit. In addition, in such case, it would be difficult to utilize next subframe of last UL subframe as DL full subframe since there is no sufficient time gap between the end of UL transmission (either symbol #12 or #13) and next subframe boundary. Therefore, we propose to apply symbol-level UL timing advance (TA) so that UL subframe can immediately follow DL ending partial subframe as shown in bottom figure of Figure 2. In this case, the time duration based on MCOT limit can be more efficiently utilized by DL+UL transmission and the shifted UL subframe timing can provide sufficient time gap between the end of UL transmission and next subframe boundary. Note that this symbol-level TA can be additionally applied to conventional TA which is for compensating the propagation delay and hence FFT window timing for each symbol at eNB is not affected.
We also propose that this symbol-level TA should be dynamically adjusted according to the structure of DL ending subframe so that efficient utilization of MCOT duration can always be achieved. We can consider two possible approaches for the dynamic adjustment of symbol-level TA. One is eNB indication in UL grant. But this approach means eNB may need to decide the structure of DL ending subframe before several ms. To avoid such eNB operation, another is UE autonomous adjustment based on the DL subframe structure information in common PDCCH. Since the ending partial subframe information is carried twice by using common PDCCH in the subframe and previous subframe, miss detection probability of such structure information can be small enough.
Proposal 1: Dynamic adjustment of symbol-level TA should be supported to achieve efficient switching between DL and UL.

PUSCH resource allocation 
As in the agreement made at last RAN1 meeting, there are three alternatives on PUSCH resource allocation (RA) method.
· Alt 1: UL resource allocation type 0 is used to allocate multiple interlaces to a UE
· UL grant indicates start index and allocated number of interlaces with consecutive indices
· Alt 2: bitmap based resource allocation
· Alt 3: predefined resource allocation patterns
Alt.1 requires smaller number of RA bits at the cost of RA flexibility. For example, according to the current description for Alt.1, only consecutive interlace allocation such as {#0, #1, #10, #11, …,#90, #91} is possible but non-consecutive interlace allocation such as {#0, #5, #10, #15,…,#90, #95} is not possible. If remapping between allocated RB and actual RB to be transmitted is applied to realize non-consecutive interlace allocation, then consecutive interlace allocation would not be possible instead. Consecutive and non-consecutive interlace allocations would have their own benefits and usage scenarios. For example, consecutive interlace allocation can utilize many RBs with less number of clusters and non-consecutive interlace allocation can facilitate efficient power utilization under the PSD requirement. Therefore, we think Alt.1 is not preferable.
In Alt.2, for example, the 10-bit bitmap (b0, b1, … , b9 ) for UL resource allocation in UL grant can be considered as shown in Figure 3. Using the bitmap-based resource allocation method, full flexibility of UL resource allocation is achieved. It should be noted that the bitmap cannot be set to have seven continuous “1”, since all resource allocation must have a number of RBs that can be expressed as a product of the factors 2, 3 and 5. In addition, compared to current resource allocation (RA) field with 13 bits for 100-PRB bandwidth, the bitmap method saves 3 bits in the UL grant. Those saved bits can be used for other purposes such as LBT type indication [2] and HARQ process ID indication [3].

Figure.3 RA field of 10-bit bitmap
Alternatively, if the full flexible resource allocation is not required for LAA UL, the number of bits for resource allocation field can be further reduced as Alt.3. Figure 4 gives an example for Alt.3. The RA field is made up of X-bit, e.g. X=4 predefined RB mapping patterns and Y-bit, Y=3 offsets for the selected RB mapping pattern. Therefore, total 7 bits are needed for the RA field in this example, and it could save 6 bits compared to current RA filed.


Figure.4: RA field consists of X-bit predefined RB mapping pattern and Y-bit offset
In summary, Alt.3 is preferable from overhead point of view while Alt.2 is preferable in terms of flexibility. On the other hand, RA field is just part of UL grant and available size for RA field would be dependent on other fields required in UL grant. Therefore, resource allocation method can be either Alt.2 or Alt.3 based on the size of DCI for UL grant and available size for RA field.
Proposal 2: New UL resource allocation method based on either bitmap-based resource allocation with assuming 10 interlaces or pre-defined resource allocation pattern selection with RB offset indication can be applied for eLAA PUSCH. 
Conclusion 
In this contribution, we have discussed on PUSCH subframe structure and resource allocation for eLAA UL. We made the following proposals. 
Proposal 1: Dynamic adjustment of symbol-level TA should be supported to achieve efficient switching between DL and UL.
Proposal 2: New UL resource allocation method based on either bitmap-based resource allocation with assuming 10 interlaces or pre-defined resource allocation pattern selection with RB offset indication can be applied for eLAA PUSCH. 
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