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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#86bis the transmission modes for short TTI operation were agreed as follows.
Agreements:
· For DL transmission for sTTI
· TM1, 2, 3, 4, 6, 9, 10 are supported for FS1.
· TM1, 2, 3, 4, 6, 8, 9, 10 are supported for slot based sTTI for FS2.
· Note: For 2 symbol sTTI design TM8 is not supported in this WI

In the RAN1#87 meeting, the minimum bandwidth for sTTI operation was agreed as follow:
Agreements:
· The sTTI design is not optimized for N_PRB <= 10.

In this contribution, we discuss the DL resource allocation and some other physical layer design for DL sTTI transmission.
[bookmark: _Ref129681832]DL resource allocation and PRG size
DL resource allocation type
In legacy LTE, three types of DL resource allocation schemes are supported. For simplicity, the resource allocation types for sPDSCH should be based on these existing types for PDSCH. The features of these three resource allocation types are summarized in Table 1. In this section, the advantages or disadvantages of these types are analyzed when applied to sPDSCH.
[bookmark: _Ref471372344]Table 1. DL resource allocation types in legacy LTE
	Type
	Description

	0
	Indicates non-contiguous RBGs by a bitmap.

	1
	Indicates non-contiguous RBs with one PRB granularity.

	2
	Indicates contiguous RBs.


· Type 0 based sPDSCH resource allocation: 
In general the allocated frequency-domain resources of sTTI UEs are larger than those of 1 ms TTI UEs since sTTI UEs have less time-domain resources. Therefore, in frequency selected fading channel, eNB can hardly allocate a consecutive frequency-domain resource that all have high channel gain for a sTTI UE. It is implied that to obtain the frequency selected gain, a non-consecutive resource allocation, i.e., a bitmap/type 0 based sPDSCH resource allocation is necessary to be supported in sDCI.
· Type 1 based sPDSCH resource allocation:
In legacy LTE with type 1, at most 1/P (i.e., RBG size) of the entire bandwidth can be allocated to a certain UE. However, these frequency-domain resources are not enough for sTTI DL transmission especially the RBG size may increase for sTTI operation. Thus, type 1 based resource allocation should be not supported for sTTI. Moreover, one bit indicator to distinguish type 0/1 can also be saved if type 1 based sPDSCH resource allocation is not supported in sDCI.
· Type 2 based sPDSCH resource allocation:
To limit the control channel overhead in sTTI systems, type 2 based sPDSCH resource allocation also needs to be considered. In addition, to further reduce sPDCCH payload size, type 2 resource allocation of sPDSCH can allocate contiguous RBGs as defined in type 0 instead of contiguous RBs in legacy LTE. 
Proposal 1: Support following resource allocation types for sPDSCH:
· Resource allocation type 0 indicating non-contiguous RBGs with bitmap, based on the scheme in 7.1.6.1 of 36.213;
· Resource allocation type 2 indicating contiguous RBGs, based on the scheme in 7.1.6.3 of 36.213.
Granularity of resource allocation
As discussed in [5], the overhead of control channel in sTTI systems needs to be reduced. For both type 0 and 2 based DL resource allocation, the number of bits depends on the RBG size P.Considering the shortened TTI length, the number of PRBs to support the same TBS with legacy LTE is enlarged in sTTI. Therefore, a natural way to reduce the resource allocation overhead is to increase RBG size P. To co-exist with the RBG size of legacy LTE, the value of P for sTTI should be a multiple of that for legacy LTE, and details of the value need to further study. 
Proposal 2: The RBG size should be increased to multiple times of legacy LTE.
PRG size
For legacy LTE, Precoding Resource block Group (PRG) is defined that the precoder is the same across all the RBs within a PRG. In legacy LTE with DL resource allocation type 0, the PRG size is chosen such that it is a divisor of the RBG size as shown in Table 2. This principle should be reused in sTTI systems.  Due to the increase of RBG size, PRG size can also be increased to obtain joint channel estimation gain.
Proposal 3: For sTTI, consider to increase the PRG size compared to legacy LTE.
[bookmark: _Ref471725547]Table 2. RBG and PRG sizes 
	Bandwidth (RB)
	RBG size
	PRG size

	11-26
	2
	2

	27-63
	3
	3

	64-110
	4
	2


TBS determination for sPDSCH
For TBS determination of sPDSCH, one straightforward way is to scale down 1ms TBS with the sTTI length. However, scaling down TBS based on only sTTI length may not be enough since there would be different cases with different overhead due to different configurations of CRS, DMRS, and/or sPDCCH even for the same sTTI length. 
An example to illustrate the overhead impact on TBS scaling for 2-symbol sTTI from CRS overhead perspective is provided in Appendix. The coding rates between different sTTIs are provided in Table 3 and the target coding rates for 1ms TTI are provided Table 4.
From Table 3 and Table 4, we can have the following observations:
· For sTTI3 with 16 REs per PRB
· The code rate corresponding to the lowest MCS index is higher than the code rate of legacy MCS index 0, which means the coverage would be impacted.
· 6 high MCS indices marked in orange are invalid since the code rates are higher than 0.931.
· The code rates of the switching points between different modulation orders are higher than the code rates of legacy MCS, which may lead to inefficient transmission.   
· For sTTI4 with 24 REs per PRB
· The code rates of most MCS indices match for the code rates of legacy design. 
· The highest MCS index will not be used since the cod rate is higher than 0.931. Thus the peak data rate will be impacted since the highest available code rate is 0.818. 
Note that only CRS overhead is considered in the above analysis. If one sTTI contains both CRS and DMRS, or if one sTTI contains CRS, DMRS and CSI-RS, or if one sTTI further contains sPDCCH/PDCCH, the code rate gap between sTTIs with the minimum overhead and the maximum overhead will be very large even for the same sTTI length/data symbols. In addition, the design of sPDCCH may have impact on overhead also. As an example shown in Figure 1, if all the sPDCCHs for scheduling UE 1, UE 2 and UE 3 occupy resources in the bandwidth allocated to UE 1, the overhead of sTTI for UE 1 will be much heavier than the overhead of sTTI for UE 2 or UE3. 
[image: ]
Figure 1. Example of sPDCCH overhead for different UEs for sTTI
Observation 1: One single scaling factor to determine TBS for sTTI results in significantly different coding rate between sTTIs.
Based on the above discussion, we can expect that overhead and the resulting available resource varies a lot in different cases. Therefore, the impact of different overhead cases shall be considered when determining TBS for the same sTTI length/data symbols. It can be considered to adopt multiple scaling factors for the same sTTI length/data symbols to fit different overhead cases. One example is to use a smaller factor to the lowest MCS index if the overhead in the target sTTI is large, which is beneficial to ensure the coverage is not reduced for poor SNR environment. More specifically, if another factor, e.g., 1/8, is used to determine the TBS of MCS 0 for sTTI 3 in Figure 2, the scaled schedule PRB will be 5 (=floor(44*1/8)), the corresponding TBS will be 120, and the corresponding code rate will be reduced from 0.165 to 0.102. On the other hand, use a higher factor to scale TBS is beneficial for some cases, e.g., aggressive TBS is helpful to improve the throughput by transmitting one TB over several sTTIs and sacrificing the latency reduction gain, as evaluated in [6].
It is noted that in legacy 1ms case, the overhead can also be different in many aspects, such as DMRS-based or CRS-based transmissions, CSI-RS subframes, PSS/SSS/PBCH etc. However, the overall impact on 2OS sTTI is expected to be more serious than 1ms TTI since the total resource is reduced in a large scale.
Proposal 4: At least for 2-symbol case, sTTI TBS for sPDSCH should be based on multiple scaling factors to fit different sTTI length and different overhead. 
TM of 1ms and sTTI
In previous RAN1 meeting, it was agreed that one UE can be dynamically (with a subframe to subframe granularity) scheduled with legacy TTI unicast PDSCH and/or sTTI PDSCH unicast, which is beneficial to support both latency sensitive and latency non-sensitive services at the same time for downlink. Independently configuring transmission modes for sTTI and 1ms TTI could maximize eNB scheduling flexibility without introducing extra complexity and signaling overhead, therefore, we have following proposal: 
Proposal 5: DL transmission modes for sTTI and 1 ms TTI can be configured independently.
When there is a change on channel or interference, some advanced transmission modes become inappropriate. Since the transmission mode for a certain UE is configured over RRC, it cannot be switched very fast. Therefore in legacy LTE systems, two transmission schemes which support dynamical switching, are introduced in each transmission mode, where one of them is an intended specific transmission scheme, while the other is a robust transmission scheme to obtain higher diversity gain. Moreover, these two transmission schemes are distinguished by different DCI formats.
The same problem also exists in sTTI systems, which can be solved by the following two alternatives: 
· Alt 1: Only one transmission scheme is supported in each transmission modes. A UE can fall back to legacy TTI if robust transmission scheme is needed.
This alternative is beneficial in terms of blind decode complexity and has less standardization impacts. However, the latency becomes large when the UE fallbacks to the robust transmissions scheme.
· Alt 2: Two transmission schemes are supported at least for the transmission modes supporting multiple layer transmission.
To limit the number of blind decodes, it is preferable to have a common sDCI format for both transmission schemes of the same transmission modes with this alternative, which can be distinguished by one bit in sDCI. As a result, the payload sizes of sDCI for robust transmission scheme and advanced transmission scheme should be aligned to the larger one Therefore, although alternative 2 can have less latency when UE fallbacks to robust transmission scheme, the sDCI payload size would be larger.
Proposal 6: FFS the transmission schemes in each transmission mode.
Conclusions
Based on the above discussion, we have the following observation and proposals:
Observation 1: One single scaling factor to determine TBS for sTTI results in significantly different coding rate between sTTIs.

Proposal 1: Support following resource allocation types for sPDSCH:
· Resource allocation type 0 indicating non-contiguous RBGs with bitmap, based on the scheme in 7.1.6.1 of 36.213;
· Resource allocation type 2 indicating contiguous RBGs, based on the scheme in 7.1.6.3 of 36.213.
Proposal 2: The RBG size should be increased to multiple times of legacy LTE.
Proposal 3: For sTTI, consider to increase the PRG size compared to legacy LTE.
Proposal 4: At least for 2-symbol case, sTTI TBS for sPDSCH should be based on multiple scaling factors to fit different sTTI length and different overhead. 
Proposal 5: DL transmission modes for sTTI and 1 ms TTI can be configured independently.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 6: FFS the transmission schemes in each transmission mode.
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Appendix 
An example for 2-symbol sTTI from CRS overhead perspective is shown in Figure 2, where 4 CRS antenna ports based on sTTI structure {3, 2, 2, 2, 2, 3} is assumed. As shown in Figure 2, different sTTIs have different CRS overhead, and thus different number of available REs.  For example, the number of available REs per PRB for data transmission is 16 and 24 for sTTI3 and sTTI 4, respectively. 
[image: ]
Figure 2. Example of different CRS overhead for different sTTIs assuming 4 CRS ports 
Table 3 gives the code rate for sTTI3 and sTTI4 by using the straightforward way to determine the TBS, where the scaling factor is 2/11 considering that legacy TBS is designed based on the assumption of 3 PDCCH symbols, and the number of scheduled PRB is 44 to reduce the impact from quantization error. Then the TBS for 2-symbol sTTI is determined as the TBS of 8 scheduled PRB (=floor(44*2/11)). 

Table 3. Code rate for sTTI3 and sTTI4 (as shown in Figure1) with different CRS overhead 
	
MCS Index

	
Modulation Order

	TBS
	Coding rate

	
	
	8 PRB
	sTTI3
16 REs/PRB
	sTTI4
24 REs/PRB

	0
	2
	208
	0.165 
	0.110 

	1
	2
	256
	0.199 
	0.133 

	2
	2
	328
	0.250 
	0.167 

	3
	2
	440
	0.330 
	0.220 

	4
	2
	552
	0.409 
	0.273 

	5
	2
	680
	0.500 
	0.333 

	6
	2
	808
	0.591 
	0.394 

	7
	2
	968
	0.705 
	0.470 

	8
	2
	1096
	0.795 
	0.530 

	9
	2
	1256
	0.909 
	0.606 

	10
	4
	1256
	0.455 
	0.303 

	11
	4
	1384
	0.500 
	0.333 

	12
	4
	1608
	0.580 
	0.386 

	13
	4
	1800
	0.648 
	0.432 

	14
	4
	2024
	0.727 
	0.485 

	15
	4
	2280
	0.818 
	0.545 

	16
	6
	2280
	0.545 
	0.364 

	17
	6
	2472
	0.591 
	0.394 

	18
	6
	2600
	0.621 
	0.414 

	19
	6
	2856
	0.682 
	0.455 

	20
	6
	3112
	0.742 
	0.495 

	21
	6
	3496
	0.833 
	0.556 

	22
	6
	3752
	0.894 
	0.596 

	23
	6
	4008
	0.955 
	0.636 

	24
	6
	4264
	1.015 
	0.677 

	25
	6
	4584
	1.091 
	0.727 

	26
	6
	4968
	1.182 
	0.788 

	27
	6
	5160
	1.227 
	0.818 

	28
	6
	5992
	1.424 
	0.949 



For comparison, Table 4 gives the target code rates of the lowest MCS index, the highest MCS index, and the MCS indices at modulation order switch points based on legacy TBS table as shown in [4]. 
Table 4. Coding rate for 1ms TBS design for 64QAM MCS table
	
MCS Index

	
Modulation Order

	
TBS Index

	Spectral efficiency
	Code Rate

	0
	2
	0
	0.2344
	0.117

	9
	2
	9
	1.3262
	0.663

	10
	4
	9
	1.3262
	0.332

	16
	4
	15
	2.5684
	0.643

	17
	6
	15
	2.5684
	0.428

	28
	6
	26
	5.5547
	0.926
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