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Introduction
In this document, we discuss the remaining open issues regarding PUSCH waveform for eLAA.
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PUSCH resource allocation
Agreement:
· 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

The above mentioned proposals were discussed for PUSCH resource allocation in RAN1 #85. However, RAN1 did not conclude on the specific resource allocation strategy that would be chosen. We now discuss the possible options regarding the resource allocation for PUSCH. 
Resource allocation type 0 indicates a start interlace and the number of interlaces allocated to a given UE. The benefit of using type 0 resource allocation is that only contiguous interlace allocations would be allowed. Bitmap based resource allocation would provide full addressability to each interlace independently and finally using some predefined resource allocation patterns would allow the eNB an intermediate set of scheduling options which are more general than only resource allocation type 0 but do not cover all the options of bitmap based allocation. We briefly examine the pros and cons of the various resource allocation approaches for eLAA PUSCH. 
As discussed previously, type 0 resource allocation would only allow contiguous interlace allocations which has the following benefits. 

1. Lower cubic metric (CM) for the UL transmit waveform resulting in a smaller power backoff. However, we note that, for an interlace based waveform, even with a contiguous allocation of RBs results in 10 clusters of RBs. Having non-contiguous interlaces which may have 20 or 30 clusters of RBs does not result in a meaningful increase in the CM of the transmit waveform compared to a contiguous interlace based allocation
2. Reduced number of bits in the UL DCI: For a 20MHz LAA SCell, this results in 6 bits being used for interlace allocation vs. 10 bits for a bitmap based allocation. 

However, type 0 resource allocation has some significant drawbacks and forward compatibility issues as well.
1. When other channels such as PRACH and PUCCH (possibly in a later WI or a later release) are multiplexed along with the PUSCH, there is a significant constraint on the location of these channels. For example, PUCCH in interlace 2 and PRACH on interlace 5 would imply that the only possible resource allocations for PUSCH on that subframe are either {0,1}, {3,4} or {6,7,8,9}. This implies that without PUCCH and PRACH resources being located on the edge interlaces, a UE cannot be allocated all the other interlaces in a subframe. This loss of scheduling flexibility could be significant depending on the number of interlaces allocated to the PUCCH and PRACH and also the frequency at which PUCCH and PRACH resources may be available. 
While there are benefits to using type 0 resource allocation such as lower number of bits per DCI, the loss of scheduling flexibility is also considerable when (in future eLAA and dual connectivity based systems) PUCCH and PRACH are introduced on to the unlicensed carriers. 

Main Proposal

1. Bitmap based resource allocation is used for PUSCH in eLAA SCells. 
However, we also recognize that this issue was discussed at length in RAN1 #85 with no consensus emerging on a single proposal. RAN1 also discussed custom predefined interlace patterns and there was not much convergence on choice of patterns. In the interest of progress, we also propose the following options for a compromise regarding PUSCH resource allocation. 
2.1
Compromise proposal
In RAN1#85, it was agreed that each DL subframe can carry up to 4 different UL grants. Each grant can indicate a delay from 4ms to 19ms (4 bit field) and can be independently one of several DCI formats thus providing the eNB with significant scheduling flexibility. It is also expected that PUCCH and PRACH resources occur infrequently in each transmission burst. For example, they may occur once every TxOP. Next it was agreed that DCI Formats which schedule multiple subframes (0B and 4B) can also be used to schedule a single subframe. Finally, when the UE is scheduled using 2 layer or 4 layer MIMO or when using MU-MIMO, it might be more efficient to restrict the allocations to contiguous interlaces for efficient channel estimation. 
By considering these various factors, we propose the following compromise. 
1. DCI Format 0A and 4A which schedules a single subframe use bitmap based resource allocation
2. DCI Format 0B and 4B which schedule multiple subframes use resource allocation type 0
This compromise proposal allows full flexibility for the eNB to schedule a single TB with a non-contiguous resource allocation. It does not increase the DCI size significantly as the DCI 0A and 4A are expected to have a smaller size compared to DCI 0B and 4B. It allows for efficient scheduling when PUCCH and PRACH are present and allows good channel estimation when MIMO with multiple subframes is scheduled.
2.2

Compromise proposal using custom interlace patterns

Alternatively, if the above proposal is also not acceptable, then we propose the following 
1. 7 bits are used for PUSCH resource allocation (128 combinations in all)
2. A contiguous resource allocations are allowed (excluding 7 interlace allocation) – 51 combinations 

3. Interlace allocation of the form [x, x+5], where x = 0,1,2,3,4 and all complementary interlace allocations are allowed – 10 combinations

4. Rest of the allocations are reserved for the future. 
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Guard period and timing advance
The transmission of an UL subframe starts (N_TA + N_TAoffset)*Ts seconds before the start of the corresponding DL subframe at the UE. For FS2, N_TAoffset of 624 is always applied in addition to the timing advance indicated by the eNB. This corresponds to an additional timing advance offset of 20us. This gap between UL and DL subframes made available due to the additional 624 sample offset can be used by the UE to switch between Tx and Rx after UL transmission and can be used by the eNB to switch between Rx and Tx after UL reception. 
To accommodate this timing advance, the eNB uses special subframes to create a gap between DL and UL transmissions. The configuration of the partial subframes determines the maximum gap between the DL and UL subframes and thus determines the maximum timing advance that can be configured for the eNB. 

Considering that eLAA, in its current form, is primarily intended for small cells in the 5GHz band, we consider a conservative 2km cell size for eLAA. Even at the edge of coverage, assuming a line of sight availability, the maximum timing advance corresponding to a 2km cell size is of the order of 13.3us. Even if the distance is larger due to NLOS propagation, we can conservatively assume 20us as the maximum timing advance that would be configured to the UE. In addition, we propose to include the 624Ts offset between DL and UL subframes as in FS2. This enables the UE to switch back to DL reception in subframe ‘n’ immediately after the end of UL transmission in subframe ‘n-1’. Without such a gap the UE may not be able to turn around in time to correctly detect the CRS in symbol 0 in case of a continuing DL transmission or the start of a next DL transmission burst. To accommodate this timeline, we propose that the gap between end of DL transmission and start of valid UL transmission should at least be one OFDM symbol. 
Proposal

1. The maximum timing advance for eLAA SCells in the 5GHz band is 20us.
2. N_TAoffset = 624 (20us) is also applicable to eLAA SCells. This allows the UE to switch from DL reception to UL CCA which is 25us (for one shot CCA) 

3. Minimum gap, including timing advance, between end of valid DL reception and start of UL transmission is at least one OFDM symbol
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PUSCH transmission in symbol 0
Agreements:
 FFS: Choose between the following options to enable the start times within the first DFTS-OFDM symbol

· Option 1: Extension of cyclic prefix of the next DFTS-OFDM symbol to occupy part of the first DFTS-OFDM symbol

· Option 2: Rate matching around the modulation symbols corresponding to the first 25 µs of DFTS-OFDM symbol 0 and also around the modulation symbols at the end of DFTS-OFDM symbol 0 corresponding to the cyclic prefix length

· FFS: Whether windowing at the beginning of the UL transmission is necessary to reduce the impact on out of band emissions.
Each of the proposed options w.r.t to how PUSCH symbol 0 is handled when PUSCH transmission starts within the first OFDM symbol has its own pros and cons. While rate matching around the modulation symbols corresponding to the first 25us of DFTS-OFDM symbol 0 and also around the modulation symbols at the end of DFTS-OFDM symbol 0 can improve the resource utilization at the UE side in principle and achieve higher peak throughput, we consider the choice in the broader framework of eLAA frame structure. 

Consider the following possibility for the eLAA DL to UL transition. 
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We observe that the UL CCA within the OFDM symbol takes 25us. The TA offset is 20us. So, even in a scenario with no timing advance, the amount of modulation symbols that can be transmitted is 21us (66 - 20 - 25us). With some timing advance this reduces further. The benefit of transmitting <20us worth of modulation symbols (after accounting for the timing advance, blanking needed at the end of symbol 0 for CP and windowing the start of the waveform to reduce OOB) is very minimal compared to the complexity of implementing the rate matching at the UE. 
Proposal 

1. To enable start times within DFTS-OFDM symbol 0, the CP of the next DFTS-OFDM symbol 1 is cyclically extended to occupy part of the DFTS-OFDM symbol 0. 

5 
Fall back for UE LBT location
Agreements:
· Transmission on UL is allowed to start at the following times in a UL subframe
· Start of DFTS-OFDM symbol 0
· Start of DFTS-OFDM symbol 1

· 25 us after start of DFTS-OFDM symbol 0

· 25 us + TA value after start of DFTS-OFDM symbol 0 
In RAN1, the above agreements were made regarding the start times for UL transmission. However, RAN1 did not discuss the relationship between what the UE can assume about the LBT location and the start of UL transmission. 

In general, the UE may assume that 25us LBT is done right before the start of PUSCH transmission. However, in special circumstances, the UE needs to determine what is the fall back location for LBT. 
Consider the following scenario in which eNB transmits UE individual grants for subframe ‘n’ and ‘n+1’. Subframe ‘n’ carries the indication of where LBT may be performed and subframe ‘n+1’ indicates that UE need not perform LBT as it is a continuing transmission from subframe ‘n’. However, if UE misses the grant in subframe ‘n’, then it should not transmit in subframe ‘n+1’ without performing LBT. Instead, UE should assume either one of the following (a) Either perform LBT before the start of symbol 0 or (b) UE performs after symbol 0 boundary. RAN1 can choose either between the following or allow eNB to RRC configure UE behaviour. 

Another scenario is when UE receives inconsistent configuration not compatible with DL – UL transition. For example, if UE does not decode CPDCCH in subframe ‘n-1’ and subframe ‘n’ (and hence does not know that subframe ‘n’ is an end partial subframe), and UE receives a grant to transmit PUSCH in subframe ‘n+1’ with LBT performed before the start of subframe boundary of subframe ‘n+1’, then it can be considered an inconsistent configuration. In such a situation, the UE can drop the transmission of PUSCH in subframe ‘n+1’. 
Proposal

1. RAN1 defines the fall back assumptions for UE LBT and PUSCH transmission in case all the needed information is not available at the UE.
6


Conclusions

In this document, we discussed various aspects of PUSCH waveform design for eLAA. We proposed that
1. Main proposal: Bitmap based interlace allocation

a. Compromise 1: DCI Format 0A and 4A use bitmap based allocation. DCI Format 0B and 4B use resource allocation type 0
b. Compromise 2: Resource allocation type 0 + some custom interlace patterns
2. The maximum timing advance for eLAA SCells in the 5GHz band is 20us.

3. N_TAoffset = 624 (20us) is also applicable to eLAA SCells. This allows the UE to switch from DL reception to UL CCA which is 25us (for one shot CCA) 

4. Minimum gap, including timing advance between end of valid DL reception and start of UL transmission is at least one OFDM symbol
5. To enable start times within DFTS-OFDM symbol 0, the CP of the next DFTS-OFDM symbol 1 is cyclically extended to occupy part of the DFTS-OFDM symbol 0. 
6. RAN1 defines the fall back assumptions for UE LBT and PUSCH transmission in case all the needed information is not available at the UE.
7 
References

[1]
Chairman’s Notes, RAN1#85. 
[2] R1-166049, “RAN1 Agreements, Working Assumptions and Conclusions for Rel-14 Enhanced LAA”, Ericsson, Huawei.
PAGE  
5/5

_1532100713.vsd
DL transmission


Gap


UL transmission


UL CCA
(25us)


DL subframe boundary


UL symbol 1 boundary (from eNB perspective)


UL symbol 0 boundary (from eNB perspective)


TA + 20us (TA offset)


Amount of time left over that can be used to fill with modulation symbols (Note these are filled after the CCA)


UL subframe



