[bookmark: _Hlk505935023][bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246]3GPP TSG-RAN WG1 Meeting #92	R1-1802879
Athens, Greece, 26th February – 2nd March 2018

Agenda Item:	6.2.7.2.2 
Source:	Ericsson
Title:	URLLC techniques for PDSCH
Document for:	Discussion, Decision
Introduction
In this contribution, we discuss the PDSCH related LTE URLLC candidate technical solutions.
The summary of the email discussion [91-LTE-10] on LTE URLLC candidate technical solutions contains the following proposals related to TB repetition. They are taken as basis for discussion in this contribution.
· [bookmark: _GoBack]Proposal 3.1: Study blind/HARQ-less PDSCH repetition in different TTIs. The candidate techniques at least include dynamic DCI indication of the repetition factor, higher layer configuration of the repetition factor as well as issuing independent PDSCH assignments for each PDSCH transmission. PDSCH repetition may be combined with TTI level FH. 
· Proposal 3.2: Study URLLC PDSCH MCS definition/operation, considering in the study also the combination with other techniques such as blind/HARQ-less PDSCH repetition as well as the compact DCI design. 
· Observation 3.3: A large majority of companies think the existing supported spatial/frequency diversity techniques to be sufficient for URLLC. One company mentioning TX diversity support for single layer TM9 and one company suggesting PDSCH repetition in the carrier domain (in addition to PDCP data duplication).  
· Proposal 3.3: Use the existing supported PDSCH spatial/frequency diversity techniques as baseline for URLLC. Studies on other PDSCH spatial/frequency diversity techniques (e.g. TX diversity support for single layer TM9 or PDSCH repetition in the carrier domain) could be carried with low priority (if time permits).  
· Observation 3.4: More discussions might be needed on PDSCH HARQ-Ack enhancements to improve URLLC link-adaptation in case of unsuccessful TB decoding.  
· Proposal 3.5: Study at least the support of lower target BLER as URLLC CQI/CSI enhancement as well as the CQI relation with lower PDSCH MCS and/or PDSCH repetition. 
· Proposal 3.6: CBG-based PDSCH is not needed for URLLC operation. If time permits (with lower priority), enhancements to eMBB operation by using CBG-based PDSCH could be considered later on in this WI. 
· Observation 3.7: There seems to be no clear majority support of studying/supporting early termination techniques for blind/HARQ-less PDSCH repetition without individual DL assignment. Studies may be carried out if time permits. 
· Proposal 3.7: Study if early termination techniques are needed for URLLC operation.  
· Proposal 3.8: The URLLC studies should focus on existing PDSCH TTI lengths (incl. related processing time). Studies on 1-symbol PDSCH repetition (incl. a related processing time reduction) could be carried with low priority (if time permits). 
· Observation 3.9: Puncturing indication for MBB PDSCH traffic and increased number of SPS starting points within a TTI might need further discussion. 



[bookmark: _Ref178064866]Discussion
RAN 1 discussed PDSCH related candidate techniques for URLLC as part of an email discussion. Techniques with their advantages and drawbacks were discussed by all interested companies and a summary was provided. This paper is not meant to repeat all possible techniques but rather focus on the most important URLLC techniques for PDSCH as proposed in the summary the email discussion 91-LTE-10. We agree with all PDSCH-related proposals from the email discussion 91-LTE-10. The focus should be on studying and potentially defining a blind/HARQ-less PDSCH repetition scheme, new URLLC PDSCH MCS definition/operation and enhancing CQI reporting for URLLC. Further optimization techniques could be studied and specified if time permits.
[bookmark: _Toc505268396][bookmark: _Toc505936888][bookmark: _Toc506288091][bookmark: _Toc506288167][bookmark: _Toc506548493][bookmark: _Toc506548519][bookmark: _Toc506550525][bookmark: _Toc506554929]Agree on proposals 3.1, 3.2, 3.3, 3.5, 3.6, 3.7, 3.8, 3.9 of the email discussion 91-LTE-10

PDSCH link performance at low BLER
To identify if any improvement techniques are needed, the link performance of subframe/slot/subslot PDSCH has been evaluated. The most challenging scenario among the agreed ones was found to be TDL-C 363ns delay spread and 30km/h UE speed. Results for TDL-E is in the Annex. Simulation assumptions are listen in Table 7 in the Annex.
Figure 1 shows the results for subframe PDSCH for the TDL-C 363 ns channel. The target SNR for PDSCH is ‑2.6dB. From the simulations we can see that without retransmissions, the target cannot be reached using MCS0, so then a lower MCS would be preferable. It is also clear that the better frequency diversity using a distributed placement will give better performance. Using e.g. RA1 (or potentially distributed RA2) instead of RA0, gives a better performance. Using a lower MCS, both RA0 and RA1 meets the target.
[image: C:\Users\enikand\Desktop\work\URLLC #92\Draft contributions\figures\SPDSCH_subframe_TDLC30_RA0vsRA1_fix.png]
[bookmark: _Ref506284115]Figure 1	Subframe PDSCH performance for TDL-C 30km/h, for MCS 0, 3, 6, and one lower MCS. RA0 and RA1 allocation
Figure 2 shows the results for slot PDSCH. The results are similar as for subframes, with MCS0 not being enough for a single transmission, while the added lower MCS reaches the target. No distributed resource allocation type is supported for slots and subslots, but the simulation includes for comparison a spread-out placement of single RBs, to show the benefits of a distributed placement. We see that adding a distributed allocation type is beneficial.

[image: C:\Users\enikand\Desktop\work\URLLC #92\Draft contributions\figures\SPDSCH_slot_TDLC30_RA0vsSpread_fix.png]
[bookmark: _Ref506287443]Figure 2	Slot PDSCH performance for TDL-C 30km/h, for MCS 0, 3, 6, and one lower MCS. RA0 and spread-out allocation.
Figure 3 shows the results for subslot PDSCH. We see that also here a lower MCS is needed using only a single transmission. A similar comparison between RA0 and a distributed placement as was done for slot PDSCH is done also here, but the benefits of distributed placement is not as strong here, since the allocations are anyway wider due to the shorter TTI length in time. For low MCS, there is no difference, as the lowest MCS, mcsF2, anyway fills up the whole band and MCS0 uses slightly more than half of the bandwidth.
[image: C:\Users\enikand\Desktop\work\URLLC #92\Draft contributions\figures\SPDSCH_subslot_TDLC30_RA0vsSpread_fix.png]

[bookmark: _Ref506287797]Figure 3	Subslot PDSCH performance for TDL-C 30km/h, for MCS 0, 3, 6, and one lower MCS. RA0 and spread-out allocation.

[bookmark: _Toc505936889][bookmark: _Toc506288092][bookmark: _Toc506288168][bookmark: _Toc506548494][bookmark: _Toc506548520][bookmark: _Toc506550526][bookmark: _Toc506554930]Support a distributed RA allocation for slot PDSCH with finer granularity than RA type 0 

In the email discussion 91-LTE-10, it was brought up that a MCS lower than MCS0 has a similar outcome as repeating PDSCH using MCS0. This is in principle correct but MCS lower than MCS0 achieves a lower latency since the TB is transmitted in a single TTI. As such, TB repetition and a lower MCS than MCS0 are complementary solutions. TB repetitions would facilitate user multiplexing in frequency domain. It could thus be used if the latency requirement for the UE allows it and multiple UEs need to be scheduled. We think that both tools should be specified and left to the network for selection.
[bookmark: _Toc505936890][bookmark: _Toc506288093][bookmark: _Toc506288169][bookmark: _Toc506548495][bookmark: _Toc506548521][bookmark: _Toc506550527][bookmark: _Toc506554931]Support a MCS lower than MCS0 
[bookmark: _Toc505936891][bookmark: _Toc506288094][bookmark: _Toc506288170][bookmark: _Toc506548496][bookmark: _Toc506548522][bookmark: _Toc506550528][bookmark: _Toc506554932]Support PDSCH transport block repetition 

TB repetition for DL
According to proposal 3.1 of section 1, at least three different schemes of PDSCH TB repetition have been identified during the email discussion [90-LTE-10].
· Scheme 1. PDSCH TB repetition based on a single PDSCH assignment 
· Scheme 1a. dynamic DCI indication of the repetition factor
· Scheme 1b. higher layer configuration of the repetition factor
· Scheme 2. PDSCH TB repetition based on independent PDSCH assignments for each PDSCH transmission. 

Scheme 2 is the straightforward PDSCH repetition method. The eNB sends the same TB with a DL assignment for the same HARQ process and does not toggle NDI. This is possible since the HARQ ID is included within the DCI/sDCI format used for sending DL assignments. To exploit frequency diversity gains, different RBs can be allocated in the repetition(s) compared to the initial transmission. 
Scheme 2 not only repeats PDSCH but also PDCCH. This has the advantage to increase the overall DL reliability. This has the drawback of large overhead, since the control channel takes resources in each repeated TTI. 
The idea with scheme 2 is that each repetition is self-decodable and does not depend on neither the preceding nor the following repetitions. This ensures improved reliability at the lowest delay. It seems that scheme 2 requires little (probably no) specification effort. It is, however, desired that the repetitions are combined with each other, e.g. with Chase combining, for improved decoding probability. To be able to do so, the UE must be aware that the TB will be repeated in consecutive TTI. Today combining does not occur on a TTI level, but on a HARQ RTT level. Thus, enhanced UEs are expected for URLLC service. Note that this combining on TTI level is exactly the same for scheme 1 (TB repetition based on single assignment). If needed, the TB repetition based on independent PDSCH assignments can be activated by RRC configuration. 

[bookmark: _Toc505087595][bookmark: _Toc505266788][bookmark: _Toc505267877][bookmark: _Toc505268389][bookmark: _Toc506288106][bookmark: _Toc506288160][bookmark: _Toc506548485][bookmark: _Toc506548511][bookmark: _Toc506550517][bookmark: _Toc506551822][bookmark: _Toc506554921]PDSCH TB repetition based on independent PDSCH assignment for each PDSCH transmission increases reliability for both PDSCH and PDCCH
[bookmark: _Toc505266789][bookmark: _Toc505267878][bookmark: _Toc505268390][bookmark: _Toc506288107][bookmark: _Toc506288161][bookmark: _Toc506548486][bookmark: _Toc506548512][bookmark: _Toc506550518][bookmark: _Toc506551823][bookmark: _Toc506554922]PDSCH TB repetition based on independent PDSCH assignment for each PDSCH transmission naturally supports frequency hopping between repetitions
[bookmark: _Toc505266790][bookmark: _Toc505267879][bookmark: _Toc505268391][bookmark: _Toc506288108][bookmark: _Toc506288162][bookmark: _Toc506548487][bookmark: _Toc506548513][bookmark: _Toc506550519][bookmark: _Toc506551824][bookmark: _Toc506554923]PDSCH TB repetition based on independent PDSCH assignments for each PDSCH transmission requires little specification effort
[bookmark: _Toc505266791][bookmark: _Toc505267880][bookmark: _Toc505268392][bookmark: _Toc506288109][bookmark: _Toc506288163][bookmark: _Toc506548488][bookmark: _Toc506548514][bookmark: _Toc506550520][bookmark: _Toc506551825][bookmark: _Toc506554924]The UE could be made aware that PDSCH TB repetition based on independent PDSCH assignments for each PDSCH transmission is applied by RRC configuration

With scheme 1 a single instance of DCI/sDCI indicates to the UE to attempt reception of K repetitions of the TB using K consecutive instances of PDSCH starting with the first instance of PDSCH. This will allow for freeing up some DCI/sDCI space in the remaining K-1 instances of DCI/sDCI, which leads to more robust transmissions in the remaining K-1 instances. But any UE failure to receive the first (and only) instance of DCI/sDCI means the K instances of PDSCH/SPDSCH space used for the K repetitions is wasted. Scheme 1 has a reliability issue. 
[bookmark: _Toc505087596][bookmark: _Toc505266792][bookmark: _Toc505267881][bookmark: _Toc505268393][bookmark: _Toc506288110][bookmark: _Toc506288164][bookmark: _Toc506548489][bookmark: _Toc506548515][bookmark: _Toc506550521][bookmark: _Toc506551826][bookmark: _Toc506554925]PDSCH TB repetition based on a single PDSCH assignment does not improve reliability if the PDSCH assignment is missed
Scheme 1a which is based on indication of the repetition factor in the DCI comes with a larger DCI size, which goes in the opposite direction than the other candidate URLLC technical solution for PDCCH of DCI size reduction (see [4]). Configuring the repetition over RRC with scheme 1 seems sufficient since the number of repetitions is mainly dictated by the reliability and latency requirement. The number of repetitions is expected to be set in a rather conservative way than relying on the knowledge of fast channel variations that may be inaccurate. One advantage with scheme 1 is the possibility to change the RV used for the repetitions. This provides incremental combining gains compared to scheme 2. However, if a high code rate is used, the receiver needs to wait for receiving all repetitions before being able to decode the data. If a low code rate is used, the initial transmission is self-decodable but at low code rate, the IR gains over chase combining are minor.
[bookmark: _Toc505087597][bookmark: _Toc505266793][bookmark: _Toc505267882][bookmark: _Toc505268394][bookmark: _Toc506288111][bookmark: _Toc506288165][bookmark: _Toc506548490][bookmark: _Toc506548516][bookmark: _Toc506550522][bookmark: _Toc506551827][bookmark: _Toc506554926]PDSCH TB repetition based on a single PDSCH assignment with indication of the repetition factor in the DCI increases DCI size
[bookmark: _Toc505266794][bookmark: _Toc505267883][bookmark: _Toc505268395][bookmark: _Toc506288112][bookmark: _Toc506288166][bookmark: _Toc506548491][bookmark: _Toc506548517][bookmark: _Toc506550523][bookmark: _Toc506551828][bookmark: _Toc506554927]PDSCH TB repetition based on a single PDSCH assignment can exploit IR gains but at low code rate the gain of IR over Chase combining are expected to be minor

Thus, scheme 2 should be considered as the baseline TB repetition scheme for PDSCH. Scheme 1a should not be supported due to the reliability and DCI size drawbacks. And the gains of scheme 1b over scheme 2 should be studied.
[bookmark: _Toc505087588][bookmark: _Toc505266798][bookmark: _Toc505267884][bookmark: _Toc505268397][bookmark: _Toc505936892][bookmark: _Toc506288095][bookmark: _Toc506288171][bookmark: _Toc506548497][bookmark: _Toc506548523][bookmark: _Toc506550529][bookmark: _Toc506554933]TB repetition in DL is supported by independent PDSCH assignment for each PDSCH transmission 
[bookmark: _Toc505266799][bookmark: _Toc505267885][bookmark: _Toc505268398][bookmark: _Toc505936893][bookmark: _Toc506288096][bookmark: _Toc506288172][bookmark: _Toc506548498][bookmark: _Toc506548524][bookmark: _Toc506550530][bookmark: _Toc506554934]Do not support PDSCH TB repetition based on a single PDSCH assignment with repetition factor included in DCI
[bookmark: _Toc505266800][bookmark: _Toc505267886][bookmark: _Toc505268399][bookmark: _Toc505936894][bookmark: _Toc506288097][bookmark: _Toc506288173][bookmark: _Toc506548499][bookmark: _Toc506548525][bookmark: _Toc506550531][bookmark: _Toc506554935]Study the gains of PDSCH TB repetition based on a single PDSCH assignment and RRC configuration of the repetition factor K over PDSCH TB repetition with independent PDSCH assignment

MCS definition for URLLC
On the one hand introducing a very low coding rate is beneficial from reliability perspective, because every transmission can aim to very low target BLER. On the other hand, one should be very careful and do not pick extremely low coding rates, since their usage can be limited due to finite resource blocks. Assuming QPSK as lowest modulation scheme, one can summarize available number of bits for channel encoding in the Table below.
Few cases are assumed to show applicability of lower MCSs:
· “Worst case” 
· Subslot (2os) with sPDCCH AL8 in the first OFDM-symbol and CRS in the second OFDM-symbol;
· Slot with CFI=3 and CRS in one OFDM-symbol;
· Subframe with CFI=3 and CRS in 3 OFDM-symbols;
·  “Worst case with PSS/SSS and PBCH” - same as “Worst case” but assuming PSS/SSS and PBCH.
· “Best case”
· Subslot (3os) with sPDCCH AL8 in the first OFDM-symbol;
· Slot with CFI=1 and CRS in one OFDM-symbol;
· Subframe with CFI=1 and CRS in 3 OFDM-symbols;

Table 1 – Maximum possible allocation in bits for 100PRBs and QPSK in DL.
	
	Worst case with PSS/SSS and PBCH
	Worst case
	Best case

	Subslot (2os)
	3200 bits
	3232 bits
	5888 bits

	Slot
	8512 bits
	8800 bits
	14688 bits

	Subframe
	23136 bits
	24000 bits
	28800 bits



Assuming 256 bits transport block size and 24 bits CRC, resulting encoding rates can be summarized in the table. 

Table 2 – Minimum possible channel encoding rates with 256 bits TBS and full allocation in DL
	
	Worst case with PSS/SSS and PBCH
	Worst case
	Best case

	Subslot (2os)
	0.0875
	0.086634
	0.047554

	Slot
	0.032895
	0.031818
	0.019063

	Subframe
	0.0121024
	0.011667
	0.009722



As it is shown in Table 2, it is possible to use code rate lower then 1/10 (MCS0) even for 2os TTI.
[bookmark: _Toc506548492][bookmark: _Toc506548518][bookmark: _Toc506550524][bookmark: _Toc506551829][bookmark: _Toc506554928]Code rates lower then MCS0 can be used in DL even in case of subslot TTI.

Considering simulation results on figures 1-3, we think that performance of coding rates down to 1/32 can be studied in LTE. Such a low rate can potentially be used in case of slot transmission, which performance is shown on figure 2.
For study of new MCSs performance the current TBS table can be extended. The candidate table extension proposal can be found in appendix to this paper (section 5.3).
[bookmark: _Toc506548500][bookmark: _Toc506548526][bookmark: _Toc506550532][bookmark: _Toc506554936]URLLC MCS/TBS tables extension should be studied with code rates down to 1/32.

CQI for URLLC
As many companies agreed in [2], the progress from NR can be reused in LTE. First, one must define reliability targets. In principle, it could be beneficial to use two reliability targets for URLLC data. As we show in our companion paper on latency [3], 1 ms latency can be reached only with subslot TTI and mostly with one transmission. In the rest of cases 5ms latency requirement is fulfilled with few retransmissions/repetitions.
· Extreme target for 1 ms latency requirement at target BLER 10-5;
· Relaxed target for 5 ms latency requirement at target BLER 10-3;
[bookmark: _Toc506548501][bookmark: _Toc506548527][bookmark: _Toc506550533][bookmark: _Toc506554937]Two target BLER supported for URLLC are 10-3 and 10-5.
Since lower CQI report target shifts required SNR to higher values as well as to cover lower MCSs proposed in previous section, we think it is fair to introduce one new CQI entry for each target. At the same time current LTE table should be reused as much as possible, omitting CQI values corresponded to highest spectrum efficiency.
[bookmark: _Toc506548502][bookmark: _Toc506548528][bookmark: _Toc506550534][bookmark: _Toc506554938]Use Table 3 as the CQI table for URLLC, with one set of CQI index for BLER=10-3 and another set for BLER=10-5.

[bookmark: _Ref506547688]Table 3 – Proposed 4-bit CQI Table for URLLC
	CQI index for BLER 10^-3
	CQI index for BLER 10^-5
	modulation
	code rate x 1024
	efficiency

	0
	0
	out of range

	N/A
	1
	QPSK
	32
	0.0625

	1
	2
	QPSK
	50
	0.0977

	2
	3
	QPSK
	78
	0.1523

	3
	4
	QPSK
	120
	0.2344

	4
	5
	QPSK
	193
	0.3770

	5
	6
	QPSK
	308
	0.6016

	6
	7
	QPSK
	449
	0.8770

	7
	8
	QPSK
	602
	1.1758

	8
	9
	16QAM
	378
	1.4766

	9
	10
	16QAM
	490
	1.9141

	10
	11
	16QAM
	616
	2.4063

	11
	12
	64QAM 
	466 
	2.7305 

	12
	13
	64QAM
	567
	3.3223

	13
	14
	64QAM
	666
	3.9023

	14
	15
	64QAM
	772
	4.5234

	15
	N/A
	64QAM
	873
	5.1152




Resource allocation for PDSCH with LTE URLLC
Resource allocation features 3 types. the resource allocation in type 0 is a bitmap of the allocated bandwidth with a RBG granularity in 1ms and sRBG in sTTI. Type 2 is allowing a granularity down to 1RB in 1ms TTI and the possibility distributed or localized allocation.   
Note that for the sake of efficiency in the resource allocation, each of the 1ms, slot and subslot allocation schemes propose below allow RGB sizes that can be used together without leaving orphan REs. This is done by ensuring that all RGB sizes are multiples of each other. 
1ms subframe and slot URLLC 
Type 0 resource allocation is the largest field in DL DCI with up to 25 bits for 1ms TTI.  Using the legacy RBG size for 1ms TTI, the smallest allocation is 2,3 or 4 RBG depending of the allocated bandwidth.  While this allocation size is practical for UEs in good SNR condition, it will not be useful at low SNR. Therefore, the use of the granularity offered by the DCI bits must be balanced with the need of a compact DCI.  
For subframe PDSCH, a fine granularity of the resource allocation is beneficial, as shown in Figure 1. For a payload of 32B, i.e. a TBS of 256bits, at least 10PRBs need to be allocated with MCS0. Using a RBG of 4 RBs for subframe PDSCH and RA type 0, this means an allocation of 3 RBGs which limits the frequency diversity achievable (especially compared to 10 frequency-distributed RBs).
In order to reduce the bit count in DCI while still achieve the granularity that will make for efficient resource allocation for UE in good SNR conditions, it is proposed to configure a subset of the bandwidth in RRC and reduce the bitmap accordingly. The DCI field becomes a function of conditions set in RRC setting which RBG in the allocated bandwidth can be scheduled. Thus the DCI RA field is a subset map of the allocated bandwidth instead of the current full bitmap. This way, the granularity is kept to a fine level for UEs in good coverage, while the DCI is size is efficiently reduced. This subset principle can be applied to 1ms, slot and subslot URLLC, with bitmaps size and RRC configuration details to be discussed.  
For slot based sTTI the size is limited to a maximum of 8 bits due to the coarser allocation (sRBG are 2 or 3 times larger than RBG depending on bandwidth allocation). Even if it is tempting increase the sRBG size to save bit allocation, the result would be that UEs in good coverage would be potentially over-allocated in bandwidth due to the coarser bandwidth allocation granularity, just like for the 1ms TTI case. Figure 2 shows that a RA type 0 with sRBG size of 12 RBs for slot PDSCH does not achieve sufficient frequency diversity for the minimum targeted SINR.  Therefore, it is proposed to keep the sRBG size for slot based sTTI for slot based URLLC.  As discussed for the 1ms case, the DCI field size can be reduced by configuring subsets of the available bandwidth in RRC to limit the bitmap size. 
[bookmark: _Toc506288098][bookmark: _Toc506288174][bookmark: _Toc506548503][bookmark: _Toc506548529][bookmark: _Toc506550535][bookmark: _Toc506554939]For URLLC 1ms and slot TTI, keep the legacy RBG size for type 0 DL resource allocation. 
[bookmark: _Toc505686295][bookmark: _Toc506288099][bookmark: _Toc506288175][bookmark: _Toc506548504][bookmark: _Toc506548530][bookmark: _Toc506550536][bookmark: _Toc506554940]For URLLC, consider DL RA based on a RRC configured subset of the allocated bandwidth bitmap.  The RRC subset definition is FFS.

The RBG sizes and the corresponding number of required DCI bits are summarized in  Table 4. Note that the RBG sizes and the corresponding number of required DCI bits without further reduction technique such as the proposed RRC configured subset allocation are summarized in  Table 4. For slot and subframe operation, above all for subframe operation, the RA field in DCI should be reduced. 

[bookmark: _Ref505689999]Table 4 Proposed RGB and DCI field size for resource allocation type 0. for DCI size the largest bitmap is given, i.e. no subset is configured. 
	
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	slot URLLC  
	6
[4 bits]
	6
[8 bits]
	12
[6 bits]
	12
[8 bits]

	1ms with URLLC  
	2
[12 bits]
	3
[16 bits]
	4
[18 bits]
	4
[15 bits]



Subslot TTI URLLC 
For subslot sTTI, the total amount of REs available for allocation is smaller than for slot or 1ms TTI. Therefore, to obtain a code rate that will deliver the reliability requirement it is necessary to increase the number of allocated RBs to have good performance even with small system bandwidth.  For a payload of 32B, i.e. a TBS of 256bits, at least 55PRBs need to be allocated with MCS0. It is thus proposed to increase the sRBG size by a factor of 2 for subslot operation for a system bandwidth larger than 10MHz. A sRBG of 24 RBs for 20MHz leads to a code rate between 0.17 and 0.27 (depending on the number of data symbols in the subslot and for 2-port RS overhead and QPSK modulation). For efficiency, the bitmap field in DCI is fixed to 4 bits for all bandwidths. In the table, it should be noted that the bit count is not assuming any reduction technique such as the proposed RRC configured subset allocation from proposal 9. It can be seen that increasing the RBG size for subslot PDSCH provides already a compact RA bit field. Therefore, no further field size reduction is needed for subslot.

[bookmark: _Toc506288100][bookmark: _Toc506288176][bookmark: _Toc506548505][bookmark: _Toc506548531][bookmark: _Toc506550537][bookmark: _Toc506554941]For URLLC subslot TTI, RBG size for type 0 DL resource allocation is increased according to Table 5. 
[bookmark: _Toc506288101][bookmark: _Toc506288177][bookmark: _Toc506548506][bookmark: _Toc506548532][bookmark: _Toc506550538][bookmark: _Toc506554942]For URLLC subslot TTI, the bitmap field in DCI is set to 4 bits.

[bookmark: _Ref506548287]Table 5. Proposed RGB and DCI field size for resource allocation type 0. To make use of all 4 bits, and keep the URLLC RBG as multiples of sTTI RBG, the RBG have different sizes for 15 MHz.

	
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	sTTI RGB size
	6
	6
	12
	12

	Subslot URLLC  
	6RBs
[4bits]
	12RBs
[4 bits]
	24+24+12+15 RBs
[4bits]
	24RBs
[4bits]



Support of type 2 DL RA for 1ms TTI:
Results for subframe-PDSCH and slot-PDSCH in Figure 1 and Figure 2 show the importance of keeping a distributed resource allocation on a fine granularity. This is possible to achieve for subframe PDSCH with a RA type 2 using distributed mapping. For slot PDSCH the distributed mapping is not supported in sTTI. Therefore, it is proposed to introduce it and relocate the bit for the Localized/Distributed VRB assignment flag to RRC. 
[bookmark: _Toc505952036][bookmark: _Toc505952117][bookmark: _Toc506288102][bookmark: _Toc506288178][bookmark: _Toc506548507][bookmark: _Toc506548533][bookmark: _Toc506550539][bookmark: _Toc506554943]For URLLC and slot/subframe PDSCH, Type 2 DL RA with distributed mapping is supported 
[bookmark: _Toc505686297][bookmark: _Toc506288103][bookmark: _Toc506288179][bookmark: _Toc506548508][bookmark: _Toc506548534][bookmark: _Toc506550540][bookmark: _Toc506554944]For Type 2 DL RA the DCI Localized/Distributed VRB assignment flag is moved to RRC.
[bookmark: _Toc505952038][bookmark: _Toc505952119][bookmark: _Toc506288104][bookmark: _Toc506288180][bookmark: _Toc506548509][bookmark: _Toc506548535][bookmark: _Toc506550541][bookmark: _Toc506554945]To reduce the number of bits for the DCI field, larger RBG size can be considered. An example is shown in Table 6 for URLLC slot/subslot PDSCH operation. The RBG for URLLC subframe PDSCH operation could be the same as the one for non-URLLC slot/subslot RBG.
[bookmark: _Toc505952039][bookmark: _Toc505952120][bookmark: _Toc506288105][bookmark: _Toc506288181][bookmark: _Toc506548510][bookmark: _Toc506548536][bookmark: _Toc506550542][bookmark: _Toc506554946]Alternatively, some RRC configured restriction in the available RBs for scheduling can be defined (as explained in section 2.5.1.1). 

[bookmark: _Ref506548386][bookmark: _Toc505952040]Table 6 Possible RGB size increase for RA type 2 and URLLC operation with slot/subslot
	URLLC option 2 
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	 sRBG size 
	4
	6
	8
	8

	Starting point granularity
	2
	6
	8
	8

	No. of bits
	6
	6
	6
	7



 

Conclusion
In section 2 we made the following observations:
Observation 1	PDSCH TB repetition based on independent PDSCH assignment for each PDSCH transmission increases reliability for both PDSCH and PDCCH
Observation 2	PDSCH TB repetition based on independent PDSCH assignment for each PDSCH transmission naturally supports frequency hopping between repetitions
Observation 3	PDSCH TB repetition based on independent PDSCH assignments for each PDSCH transmission requires little specification effort
Observation 4	The UE could be made aware that PDSCH TB repetition based on independent PDSCH assignments for each PDSCH transmission is applied by RRC configuration
Observation 5	PDSCH TB repetition based on a single PDSCH assignment does not improve reliability if the PDSCH assignment is missed
Observation 6	PDSCH TB repetition based on a single PDSCH assignment with indication of the repetition factor in the DCI increases DCI size
Observation 7	PDSCH TB repetition based on a single PDSCH assignment can exploit IR gains but at low code rate the gain of IR over Chase combining are expected to be minor
Observation 8	Code rates lower then MCS0 can be used in DL even in case of subslot TTI.

Based on the discussion in section 2 we propose the following:
Proposal 1	Agree on proposals 3.1, 3.2, 3.3, 3.5, 3.6, 3.7, 3.8, 3.9 of the email discussion 91-LTE-10
Proposal 2	Support a distributed RA allocation for slot PDSCH with finer granularity than RA type 0
Proposal 3	Support a MCS lower than MCS0
Proposal 4	Support PDSCH transport block repetition
Proposal 5	TB repetition in DL is supported by independent PDSCH assignment for each PDSCH transmission
Proposal 6	Do not support PDSCH TB repetition based on a single PDSCH assignment with repetition factor included in DCI
Proposal 7	Study the gains of PDSCH TB repetition based on a single PDSCH assignment and RRC configuration of the repetition factor K over PDSCH TB repetition with independent PDSCH assignment
Proposal 8	URLLC MCS/TBS tables extension should be studied with code rates down to 1/32.
Proposal 9	Two target BLER supported for URLLC are 10-3 and 10-5.
Proposal 10	Use Table 3 as the CQI table for URLLC, with one set of CQI index for BLER=10-3 and another set for BLER=10-5.
Proposal 11	For URLLC 1ms and slot TTI, keep the legacy RBG size for type 0 DL resource allocation.
Proposal 12	For URLLC, consider DL RA based on a RRC configured subset of the allocated bandwidth bitmap.  The RRC subset definition is FFS.
Proposal 13	For URLLC subslot TTI, RBG size for type 0 DL resource allocation is increased according to Table 5.
Proposal 14	For URLLC subslot TTI, the bitmap field in DCI is set to 4 bits.
Proposal 15	For URLLC and slot/subframe PDSCH, Type 2 DL RA with distributed mapping is supported
Proposal 16	For Type 2 DL RA the DCI Localized/Distributed VRB assignment flag is moved to RRC.
Proposal 17	To reduce the number of bits for the DCI field, larger RBG size can be considered. An example is shown in Table 6 for URLLC slot/subslot PDSCH operation. The RBG for URLLC subframe PDSCH operation could be the same as the one for non-URLLC slot/subslot RBG.
Proposal 18	Alternatively, some RRC configured restriction in the available RBs for scheduling can be defined (as explained in section 2.5.1.1).
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Annex 
Link simulation assumptions
[bookmark: _Ref506284825]Table 7. Simulation assumptions
	Carrier frequency
	700 MHz

	Bandwidth
	20 MHz (100 RB)

	Channel
	TDL-C 363ns, and TDL-E 93ns

	TTI length
	subframe (CFI=2); slot (CFI=2, average over both slots); subslot (CFI=3, only subslots 1,2,3,4, all with 2os and SPDCCH overhead)

	MCS
	32 bytes data payload
0, 3, 6, also lower MCS with full allocation for subslot, and corresponding code rate for slot/subframe (in simulations called mcsF2 after full allocation for 2os):
- subframe: 19, 10, 5, 3 RB
- slot: 34, 19, 9, 5 RB
- subslot: 100, 55, 27, 15 RB

	Resource allocation
	“RA0-like”, placing in groups of RGB/SRBG, last group may have fewer RB since allocations above are not multiples of RBG/SRBG
Also RA1 for subframe, and as comparison a fully spread out placement on RB-level for slot and subslot.

	Transmission mode
	2TX, 2RX, 1-layer TX diversity

	Channel estimation
	CRS, practical

	SPDCCH overhead
	8 SCCE (about 32% of data allocation in first symbol has overlapping SPDCCH)

	Transmissions
	1 (No HARQ)




Additional link PDSCH results
Figure 4, Figure 5 and Figure 6 show the results for subframe, slot, and subslot PDSCH, for a TDL-E 30 km/h channel. Compared to the TDL-C results above, the target MCS is reached already at existing MCS. Thus. the TDL-C channel here seems to be the limiting factor.
[image: C:\Users\enikand\Desktop\work\URLLC #92\Draft contributions\figures\SPDSCH_subframe_TDLE30_RA0vsRA1_fix.png]
[bookmark: _Ref506288563]Figure 4. Subframe PDSCH performance for TDL-E 30km/h, for MCS 0, 3, 6, and one lower MCS. RA0 and RA1 allocation
[image: C:\Users\enikand\Desktop\work\URLLC #92\Draft contributions\figures\SPDSCH_slot_TDLE30_RA0vsSpread_fix.png]
[bookmark: _Ref506288565]Figure 5. Slot PDSCH performance for TDL-E 30km/h, for MCS 0, 3, 6, and one lower MCS. RA0 and spread-out allocation.
[image: C:\Users\enikand\Desktop\work\URLLC #92\Draft contributions\figures\SPDSCH_subslot_TDLE30_RA0vsSpread_fix.png]
[bookmark: _Ref506288568]Figure 6. Subslot PDSCH performance for TDL-E 30km/h, for MCS 0, 3, 6, and one lower MCS. RA0 and spread-out allocation.
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