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1. Introduction

In RAN1 #84 meeting, there was discussion on PUSCH and the following agreements were made [1].

	Agreements in RAN1 #84:

· At least RB-level multi-cluster transmission (>2) is supported for eLAA PUSCH

· FFS: Detailed design

· FFS: Support of legacy resource allocation for PUSCH


In this contribution, we discuss PUSCH resource allocation (RA) in LAA.
2. Discussion
2.1. PUSCH waveform
In an unlicensed band, PUSCH waveform should be compliant with regional regulatory requirements. For ETSI regulation, the following two requirements can be considered for PUSCH waveform [2].
1. Occupied channel bandwidth

· The bandwidth containing 99 % of the power of the signal shall be between 80 % and 100 % of the declared Nominal Channel Bandwidth.
2. Maximum power spectral density (PSD)

· 10 dBm/MHz for 5150-5350 MHz
For the requirement on occupied channel bandwidth, eNB could satisfy the rule by scheduling two cluster transmissions for PUSCH. However, it would be better to spread PUSCH over entire bandwidth considering limitation on the transmission power (TXP) due to maximum PSD. In this respect, PUSCH transmission on interlaced structure (e.g., IFDMA) would be a simple solution to satisfy regulatory requirements on occupied channel bandwidth and maximum PDS. According to the above agreements from RAN 1 #84, PRB based IFDMA (or Block-IFDMA) can be adopted for PUSCH transmission in LAA.
Suggestion #1: PRB based IFDMA is supported for PUSCH transmission in LAA.
2.2. Interlaced structure for PUSCH
If interlaced structure for PUSCH waveform is adopted in LAA, the following options can be considered.
Option 1: fixed interlaced structure

Option 2: flexible interlaced structure (e.g., flexible multi-cluster transmission)
As a fixed interlaced structure for PUSCH transmission in LAA, total 10 interlaces with 10 RBs per interlace for 20MHz system bandwidth was suggested by many companies in RAN 1 #84 meeting in consideration of resource granularity, multiplexing capacity, and maximum PUSCH TXP [3], [4]. Considering that resource granularity (i.e., 10 RBs) should be kept irrespective to system bandwidth, total 5 interlaces with 10 RBs per interlace can be considered for 10MHz system bandwidth. In this option, one way of PUSCH RA is to use bitmap. For example, 10 bits bitmap can indicate L (≤10) interlaces among 10 interlaces in 20MHz system bandwidth.
Figure 1. PRB based interlaces for PUSCH in 20MHz system bandwidth
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On the other hand, it can be considered to support flexible interlaces structure (e.g., flexible multi-cluster transmission) for PUSCH. In this case, one possible way of PUSCH RA is to indicate starting RB index, ending RB index for 1st cluster, starting RB index for 2nd cluster, and ending RB index for last cluster as in [5]. However, signalling overhead for PUSCH RA should be minimized since there would be newly added bits fields (e.g., HARQ number, RV, LBT parameter, TX gap, etc.) in UL grant for LAA UL. In this regard, fixed interlace structure is more preferred to reduce signalling overhead for PUSCH RA.
Suggestion #2: PUSCH RA with the following fixed interlaced structure can be adopted in LAA.
· 10/5 interlaces with 10 RBs per interlace for 20MHz/10MHz system bandwidth
If the fixed interlaced structure is supported for PUSCH RA in LAA, impact to the TBS granularity due to limited RB assignment granularity should be further considered. For example, if resource granularity of 10 RBs is assumed, TBS can be indicated within the range of (NRB – 10, NRB] RBs where NRB is the number of allocated RBs based on fixed interlaced structure.
2.3. PUSCH RA
In this section, we suggest resource indication value (RIV) based PUSCH RA assuming fixed interlaced structure as in Figure 1. As a first option for RIV based PUSCH RA, UE can interpret RIV as consecutive L indices, each of which directly indicate interlace index which is mapped to physical resource for interlace in a sequential manner as depicted in Figure 2.
Figure 2. RIV based PUSCH RA: Option 1
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For the PUSCH RA option 1 in Figure 2, RIV can be represented as
RIV = NTOTAL (LCINDEX - 1) + ISTART   if (LCINDEX - 1) ≤ floor(NTOTAL/2)
RIV = NTOTAL (NTOTAL - LCINDEX + 1) + ISTART
   if (LCINDEX - 1) > floor(NTOTAL/2)
where NTOTAL, LCINDEX, and ISTART are total number of interlaces, number of allocated consecutive indices, and first index for interlace, respectively. However, considering PSD limit, selecting adjacent interlaces for PUSCH as in PUSCH RA option 1 may not preferable since multiple RBs can be allocated within 1MHz. In this aspect, another option for RIV based PUSCH RA can be considered as shown in Figure 3. In this option, UE can interpret RIV as consecutive L indices, each of which indicate interlace index which is mapped to physical resource for interlace in a predefined non-sequential manner. It should be noted that for both RIV based PUSCH RA options, PUSCH RA can be represented with 6 bits (≥log2(11C2)) and 4 bits can be saved compared to 10 bits bitmap.
Suggestion #3: Adopt RIV based PUSCH RA with fixed interlaced structure in LAA.
Figure 3. RIV based PUSCH RA: Option 2
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Moreover, since single cluster based PUSCH transmission is preferred in terms of channel estimation and PAPR, it may be considered to support single cluster based PUSCH RA in regions where it is allowed by the regional regulation. With RIV based PUSCH RA, 1 bit indicator can indicate to interpret RIV for single cluster based PUSCH RA with resource block group (RBG) consist of 10 RBs as depicted in Figure 4. In this case, 1 bit can be added for PUSCH RA in UL grant.
Suggestion #4: Dynamic switching between PUSCH RA with PRB based IFDMA and PUSCH RA with RBG can be considered.
Figure 4. RIV based PUSCH RA: Single cluster TX
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2.4. Multiplexing with other UL channel
If PUSCH is transmitted over entire system bandwidth with PRB based IFDMA in LAA UL, multiplexing between PUSCH and other UL channel (e.g., PRACH) should be considered. Since only non-contention based PRACH can be transmitted in LAA, eNB can know whether PRACH will be transmitted in an UL SF or not. Therefore, eNB can handle multiplexing between PUSCH and PRACH. For example, eNB can indicate RBs where PUSCH cannot be transmitted by UL grant. Then, PRACH can be transmitted within the RBs indicated by eNB.
Suggestion #5: Depending on the design of other UL channel (e.g., PRACH), it can be considered to dynamically indicate RBs where PUSCH cannot be transmitted.
3. Conclusion

In this paper, we discussed PUSCH RA in LAA SCell. The suggestions of this paper are summarized as follows.
Suggestion #1: PRB based IFDMA is supported for PUSCH transmission in LAA.
Suggestion #2: PUSCH RA with the following fixed interlaced structure can be adopted in LAA.
· 10/5 interlaces with 10 RBs per interlace for 20MHz/10MHz system bandwidth
Suggestion #3: Adopt RIV based PUSCH RA with fixed interlaced structure in LAA.
Suggestion #4: Dynamic switching between PUSCH RA with PRB based IFDMA and PUSCH RA with RBG can be considered.
Suggestion #5: Depending on the design of other UL channel (e.g., PRACH), it can be considered to dynamically indicate RBs where PUSCH cannot be transmitted.
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