Page 1
3GPP TSG RAN WG1 Meeting #95	                                        	 R1-1813040
Spokane, USA, November 12th – 16th, 2018 
	
[bookmark: Source]Agenda item:	6.2.1.3
Source: 	Qualcomm Incorporated
Title: 	Scheduling of multiple DL/UL transport blocks
[bookmark: DocumentFor]Document for:	Discussion and Decision

1	Introduction
In RAN#80, a new work item on MTC enhancements was approved (RP-181450) with the following objective:
Scheduling enhancement:
· [bookmark: _Hlk516765510]Specify scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast [RAN1, RAN2]
· Enhancement of SPS can be discussed.
In RAN1#94b, the following agreements were made:
Agreement
Confirm the working assumption that
· For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process. 

Agreement
For CE mode A, the maximum number of scheduled transport blocks with one single DCI is [8] for CE mode A for UL.
For CE mode A, the maximum number of scheduled transport blocks with one single DCI is [8] for CE mode A for DL.
Agreement
The maximum number of scheduled transport blocks with one single DCI for CE mode A for either UL or DL is fixed to [8]
Working Assumption
For CE mode B, the maximum number of scheduled transport blocks with one single DCI is 4 in the UL, and 4 for the DL.
Agreement
The maximum number of scheduled transport blocks with one single DCI for CE mode B for either UL or DL is fixed to 4 (working assumption)
For further study until next meeting:
How to efficiently handle retransmissions when scheduling multiple DL/UL transport blocks.
Agreement
The UE should only monitor one DCI size in the UE specific search space

For further consideration:
Optimization of the DCI size and the impact of aspects including number of transport blocks, scheduling pattern (interleaving and scheduling gap), resource assignment, modulation and coding scheme, retransmissions.
Agreement
Using one DCI to schedule multiple TBs for SC-MTCH is supported, and it is configured and enabled per SC-MTCH via SC-PTM configuration message in SC-MCCH. FFS the maximum number of TBs can be scheduled by one DCI.
Agreement
For CE mode A, HARQ ACK/NACK feedback bundling or multiplexing on PUCCH can be enabled or disabled by [RRC and/or DCI], when multiple DL transport blocks are assigned by a single DCI. If the network does not enable it, each TB has its own separately encoded HARQ ACK/NACK feedback, i.e., no HARQ ACK/NACK feedback bundling or multiplexing. 
· RAN1 further compare the performance between HARQ ACK/NACK feedback bundling and multiplexing and down-select between the two options. 
For CE mode B, further study if there is a benefit for HARQ ACK/NACK feedback bundling or multiplexing on PUCCH. If there is a benefit identified, same configuration principle as CE mode A can be applied, i.e., this feature can be enabled or disabled by [RRC and/or DCI]. 

2	Use cases
The main advantage of scheduling multiple UL/DL transport blocks with a single or no DCI resides mainly on the reduced overhead of MPDCCH, releasing subframes to be used for data that would have otherwise been used for control.
In addition to the use cases already agreed thus far, we present the following use case to be studied during this work item.
VoLTE

During the enhancements in Rel-14 for VoLTE, it was clear that one of the keys to achieve the largest possible coverage is to maximize the amount of time the UE is transmitting or receiving data (i.e., excluding half duplex gaps and/or MPDCCH). Despite the optimizations introduced in Rel-14, current operation still needs two MPDCCHs for UL/DL in a frame in which UL and DL voice packet are exchanged. This overhead can be reduced by allowing for MPDCCH that schedules at least a pair of one UL and one DL transport block.


Figure 1 Example for optimized VoLTE scheduling

Table 1 summarizes the different use cases and necessary techniques to enable them.
Table 1 Summary of use cases
	
	Multiple DL TBS
	Multiple UL TBS
	SC-PTM
	VoLTE

	Target
	Increase DL throughput
	Increase UL throughput
	Increase DL throughput
	Increase coverage

	Technique
	MPDCCH  Multiple PDSCH
	MPDCCH  Multiple PUSCH
	SIB  Multiple PDSCH or MPDCCH  Multiple PDSCH
	MPDCCHPDSCH+PUSCH

	Knowledge at eNB needed to enable this technique
	Size of DL data to be sent
	Buffer status report from UE
	Size of software/SC-PTM info to be downloaded.
	UL/DL TBS (or equivalently, codec/ROHC/etc).



Proposal 1: Define scheduling enhancements for the following case:
	- One DL + One UL TBS from single MPDCCH (targeting VoLTE).

3	Techniques to improve performance
TB interlacing

We note that consecutive transmission of TBs may not be optimal in terms of performance (e.g. due to lack of time diversity). In Figure 2 we show the difference between consecutive and interlaced PUSCH transmission.


Figure 2 Consecutive (Alt1) vs interlaced (Alt2) PUSCH transmission.
One of the major cases in which the interlacing gain is clearer is when comparing VoLTE performance in full duplex CE mode (or legacy TTI bundling) and in CE mode half duplex. In Figure 3 we show the achievable SNR for PUSCH (for 1PRB, 2Rx eNB, ETU5 channel, BLER of 2%) under different cases. The details of each of the points can be found in the appendix, but in general each of the dots is represented by 4 numbers “(A),BR,CH,DTx” where:
· A is the reference to the row in the table in the appendix
· B is the number of repetitions in each sub-transmission (e.g., R=4 in Alt1 in Figure 2, R=2 in Alt2 in Figure 2)
· C is the number of HARQ processes. (e.g., for Alt1 in Figure 2 we need 2 HARQ processes; for Alt2, we need 4 HARQ processes).
· D is the total number of transmissions (of the set of B repetitions). For Alt1 it is 1, for Alt2 it is 2.
In general, we see that increasing the number of HARQ processes also increases the delay experienced by a packet, but this allows to achieve a higher time diversity – and thus a better performance. A typical configuration for VoLTE in eMTC is illustrated as (5)32R,2H,1Tx, where a single transmission of 32 repetitions is performed – due to half duplex constraint. We can see that an increase of 3dB can be achieved by moving to an alternative scheme where two TBs are interlaced (thus four VoLTE packets) under configuration (9)8R,2H,5Tx. If we further increase the delay of the communication, configuration (11)8R,5H,5Tx achieves a 5dB gain with respect to (5)32R,2H,1Tx at the expense of largely increasing the delay (e.g., around 3.6 times higher). These three schemes are compared in Figure 4


[image: ]
Figure 3 Achievable SNR vs delay for different cases of (#repetitions, #HARQ processes, #transmissions)



Figure 4 Comparison of schemes 5, 9 and 11.

Although the example above was targeting VoLTE use cases, in general this is applicable to any transport block that we want to send over the air. For applications that are not delay-sensitive, it is shown that relaxing the delay and allowing for HARQ interlacing greatly enhances the performance. Thus, we propose to study interlacing techniques for the aforementioned use cases.
Observation 1: Interlacing multiple delay-tolerant transport blocks (in DL or UL) with multiple HARQ processes provides substantial SNR gain due to time diversity.
Proposal 2: Support interlacing of TBs to achieve time diversity.

4	Optimizing DCI Design
One of the main advantages introduced by the use cases mentioned in Section 1 is that the MPDCCH overhead is reduced. Introducing many new DCI fields requires a larger DCI size, which, would increase the number of repetitions needed to reliably decode the control channel. Therefore, it is desirable to study what parameters can be common across multiple TBs to minimize the DCI size. 
Proposal 3: Study what parameters can be common across multiple TBs to minimize the DCI size.
For the case of VoLTE, the transport block sizes are fixed depending on the codec/ROHC/etc, so the eNB should be able to configure a set of possible values (e.g. voice frame, SID, 2xvoice frame, etc) via RRC signalling, and the DCI could just point to one of these cases, and schedule the corresponding set of UL/DL TBS. In this way, the overhead of DCI is reduced, which enables compact scheduling.
Proposal 4: For the case of VoLTE, the TBS candidates (or candidate sets of UL/DL TBSs) can be configured by RRC, and the DCI only includes a pointer to one of the candidates.
DCI fields of interest from a UE perspective
We highlight the components (fields) of the DCI across which we have scope to design better solutions than individually encoding each field separately. While for 1 DCI scheduling 1 TB, the savings from such joint designs across fields don’t buy much in terms of bit (and hence UE power) savings, the savings in the case of 1 DCI scheduling multiple TBs can be substantial, as we will show in this contribution. The DCI fields of interest, across which we can design joint encoding/decoding schemes, are as follows:

1. HARQ Process bitmap: Given that the same DCI will schedule any number from 1 to  TBs, we propose to indicate the presence or absence of every HARQ process (from 1 to ) by a single bit, thereby trivially requiring  bits (trivially) to indicate the HARQ processes scheduled. This assumes that the processes scheduled are in an increasing/decreasing order of HARQ process IDs
2. NDI bitmap: Corresponding to every HARQ process, there is an NDI indicator that toggles upon a new TB being scheduled in that HARQ Process. This requires  bits (trivially).
3. RV Index bitmap: Corresponding to every HARQ process, 2 bits are required to signal the redundancy version (RV) of the TB being scheduled in that HARQ process. This requires  bits (trivially)
4. Repetition number (common across TBs scheduled by one DCI): This requires  bits in the DCI (where typically, ). We note that one possible value of the repetition number signalled by this field is always 1.
5. MCS (preferably common across TBs scheduled by one DCI): This trivially requires  bits in the DCI (where typically, ).
6. Frequency Hopping (FH) indicator: This is a 1-bit indication to enable or disable frequency hopping across multiple repetitions.

Individual encoding of DCI fields of interest
If we encode the above 6 fields individually when generating the “jumbo DCI” that schedules the  TBs, the previous paragraph demonstrates that we will need a total of ) bits to signal the DCI. Our goal is to compress the DCI by jointly encoding the above-mentioned DCI fields to eliminate potentially redundant and unlikely combinations. 
Table 2: Bits required to separately encode relevant DCI fields for  TBs scheduled by one DCI
	DCI Fields of Interest
	Number of bits to encode separately

	HARQ Processes Scheduled
	

	NDI for HARQ Processes
	

	RV Indices for HARQ Processes
	

	Repetition Number (common across  TBs)
	

	MCS (common across  TBs)
	

	Frequency Hopping Indicator
	

	Total
	



Joint encoding and decoding of DCI—combining HARQ IDs, NDIs and RV Indices

[bookmark: _Hlk528835194]We observe that by jointly encoding the HARQ Process ID, NDI and RV Index fields, we can eliminate several redundant combinations of these three fields from the DCI—specifically, when a HARQ process is not scheduled, the NDI and RV index fields for that HARQ process are redundant. This way, across these three fields, we end up with  jointly valid combinations per HARQ process (1 from when the process is not scheduled, and 8 from when the process is scheduled, and any combination of NDIs and RV indices are possible). The total number of bits required to signal these combinations is therefore . With respect to separate, per-field encoding, this saves  bits in DCI, which, for  TBs scheduled by one DCI, turns out to be  bits of savings.
Observation 2: For  TBs scheduled by a single DCI, jointly encoding HARQ Process, NDI and RV index fields saves  bits in DCI. For  TBs, this results in a saving of 6 bits.
Proposal 5: Jointly encode at least the HARQ Process IDs, NDIs and RVs in the DCI to eliminate redundant combinations across these fields. FFS: Consider further joint encoding incorporating other fields.
To decode the jointly encoded DCI, a UE may implement an approach of recursive division of the decimal equivalent of the bitstream by the appropriate base, while determining the values of the individual fields from the remainders of the division at every step. For the joint encoding described above, the appropriate base is . A sample UE algorithm to interpret the individual fields from the jointly encoded DCI is presented (as a pseudocode) below. In the code snippet, we assume that the decimal values of the jointly encoded bitstream range from  to . 

Pseudocode for UE decoding of jointly encoded HARQ Process, NDI and RV
Initialize temp = bin2dec (-bit DCI)
For 
mod (temp, 9);		/* Decoder enters  HARQ Process */
      /* HARQ bitmap value is 0 or 1 */
If  
mod ()     /* NDI if process scheduled */
mod (, 4) /* RV if process scheduled */
End If
temp = ⌊temp/9⌋;			/*  HARQ process parameters decoded */
End For

Impact of repetition number on RV Indices, MCS and Frequency Hopping indicator
The number of repetitions for the TBs scheduled by 1 DCI plays a key role in helping us prune the possible jointly valid/viable combinations across all the relevant DCI fields, by conditioning on the number of repetitions configured. The fields that see an impact due to this conditioning are listed below, together with a description of the impact, and the ensuing preclusions and restrictions on the number of combinations addressed by the joint DCI. 

1. Impact on RV Index indication: When the number of repetitions per TB is greater than or equal to 4, the RVs may cycle through the repetitions in a semi-statically configured/pre-determined fashion, and the specific RV index does not need to be signalled. Moreover, if the repetition number is 2, possible signalled values of the RV index may be reduced from 4 to 2—for example by signalling the possibilities from the tuples {RV0, RV1} and {RV2, RV3}. When the repetition number is 1 however, all 4 possibilities of the RV index need to be signalled. By conditioning on the repetition number, as discussed above, we significantly reduce the number of jointly valid combinations, as we will illustrate in an ensuing example. 
2. Impact on MCS: We can limit the possible MCS values that are used, depending on the repetition number. This makes sense, because a large repetition number typically implies that a UE is in poor coverage, and as a result, the entries corresponding to high modulation orders and coding rates in the MCS table are unlikely to be used. The simplest way to impose such a restriction is the following: if the number of repetitions is 1, configure from all the  MCS values; if repetition number is greater than 1, configure from a subset of size  MCS values. This approach can of course be extended to include finer degrees of granularity in the design of the joint encoding scheme.
3. Impact on Frequency Hopping indicator: When the number of repetitions per TB is 1, we don’t need to signal the FH indicator; in all other cases, we do.


Table 3: Impact of Repetition Number on Joint Encoding Design of DCI Fields
	DCI field jointly encoded with Repetition Number
	Repetition Number = 1
	Repetition Number = 2
	Repetition Number >= 4

	RV Index
	4 possible values
	2 possible values
	Not Signalled

	MCS
	 possible values
	Restricted, e.g.,  values
	Restricted, e.g.,  values

	Frequency Hopping
	Signalled (enabled/disabled)
	Not Signalled
	Not Signalled



Jointly encoding HARQ IDs, NDIs, RV Indices, MCS and repetition number—an example 

To illustrate the bit savings obtained from jointly encoding across all the relevant DCI fields as described above, we consider the following example:
1. Single DCI schedules  TBs
2. The possible repetition numbers are , where .
3. If repetition number = 1, all  MCS values are allowed; else,  smallest values are allowed
4. Dependence on RV index signalling on repetition number is as shown in Table 3.
5. Dependence of Frequency Hopping indicator signalling on repetition number is as shown in Table 3.
We now proceed to count the number of jointly valid combinations across all the fields as follows:
1. For repetition number = 1, we have  jointly valid combinations across HARQ Process ID, NDI, RV Index and MCS. The rationale behind the term  is explained before in the discussion on joint encoding of HARQ Process, NDI and RV Index.
2. For repetition number = 2, we have  jointly valid combinations across the other fields. The term  arises from the fact that now there are only 2 possibilities for RV index, as opposed to 4 for repetition number = 1. The additional 2 in the product (compared to the case of repetition number = 1) represents the combinations arising from enabling/disabling the Frequency Hopping
3. For each of the  values of repetition number ranging from  through , we have  jointly valid combinations across the other fields. The term  arises from the fact that the RV index is not signalled for HARQ processes in this setting.

Thus, the total number of jointly valid combinations across all the relevant DCI fields is given by: 

The bit savings in DCI with this approach, over the individual encoding approach in Table 2 is given by:
( bits
For a typical setting with , the joint encoding approach outlined above saves 10 bits from of a potential 40 bits required for individual encoding
Proposal 6: Restrict the set of possible values for RV index, MCS and Frequency Hopping indicators based on the repetition number configured.
Proposal 7: Jointly encode the repetition number, RV indices, MCS, FH indicator, HARQ Process IDs and NDIs to eliminate signalling redundant and restricted combinations across these fields.
Observation 3: For a typical scenario with  TBs scheduled by one DCI, (separate) 3-bit repetition number signalling, (separate) 4-bit MCS signalling, and an MCS restriction to 2-bits for repetition numbers greater than 1, joint encoding across relevant DCI fields saves 10 bits (from a potential 40) vis-à-vis encoding fields separately.
5	Summary
In this contribution we presented our views on scheduling of multiple UL-DL transport blocks. The following observations and proposals are made:
Proposal 1: Define scheduling enhancements for the following case:
	- One DL + One UL TBS from single MPDCCH (targeting VoLTE).
Observation 1: Interlacing multiple transport blocks (in DL or UL) with multiple HARQ processes provides substantial gain due to time diversity.
Proposal 2: Support interlacing of TBs to achieve time diversity.
Proposal 3: Study what parameters can be common across multiple TBs to minimize the DCI size.
Proposal 4: For the case of VoLTE, the TBS candidates (or candidate sets of UL/DL TBSs) can be configured by RRC, and the DCI only includes a pointer to one of the candidates.
Observation 2: For  TBs scheduled by a single DCI, jointly encoding HARQ Process, NDI and RV index fields saves  bits in DCI. For  TBs, this results in a saving of 6 bits.
Proposal 5: Jointly encode at least the HARQ Process IDs, NDIs and RVs in the DCI to eliminate redundant combinations across these fields. FFS: Consider further joint encoding incorporating other fields.
Proposal 6: Restrict the set of possible values for RV index, MCS and Frequency Hopping indicators based on the repetition number configured.
Proposal 7: Jointly encode the repetition number, RV indices, MCS, FH indicator, HARQ Process IDs and NDIs to eliminate signalling redundant and restricted combinations across these fields.
Observation 3: For a typical scenario with  TBs scheduled by one DCI, (separate) 3-bit repetition number signalling, (separate) 4-bit MCS signalling, and an MCS restriction to 2-bits for repetition numbers greater than 1, joint encoding across relevant DCI fields saves 10 bits (from a potential 40) vis-à-vis encoding fields separately.

Appendix: Details of results in Figure 3

Table 4 Detailed results from Figure 3
	Index
	TBS
	Number of Repetitions
	Number of HARQ Processes
	Number of Transmissions
	Delay (ms)
	SNR (@ 2% BLER/1PRB)
	MCL (dB)

	1
	208
	16
	2
	1
	16
	-2
	141.4

	2
	208
	4
	2
	5
	36
	-4
	143.4

	3
	208
	4
	4
	5
	68
	-5.3
	144.7

	4
	208
	4
	5
	5
	84
	-6.1
	145.5

	5
	408
	32
	2
	1
	32
	-3.05
	142.45

	6
	408
	4
	2
	10
	76
	-6.1
	145.5

	7
	408
	4
	4
	10
	148
	-8
	147.4

	8
	408
	4
	5
	10
	184
	-8.3
	147.7

	9
	408
	8
	2
	5
	72
	-6.1
	145.5

	9
	408
	8
	4
	5
	136
	-8
	147.4

	10
	408
	8
	5
	5
	168
	-8.35
	147.75

	11
	408
	4
	4
	8
	116
	-6.8
	146.2
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