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1	Issue #1: TDD HARQ-ACK bundling
In TDD, there are essentially two types of HARQ-ACK bundling that may arise with respect to a BL/CE UE. 
First is the “TDD-specific” bundling/multiplexing, which is only possible when csi-NumRepetitionCE equal to 1 and mPDCCH-NumRepetition equal to 1 (thus far, only for legacy single-TB scheduling). Let us denote this type of bundling and/or multiplexing by Type-1 bundling.
Second, is the “BL/CE specific” bundling, which is allowed by current specifications for FDD, and which has recently been endorsed in the latest version (16.1.0) of TS 36.213, subclause 10.2, for multi-TB scheduling in TDD. Let us denote this type of bundling by Type-2 bundling. 
The latest text in subclause 10.2 of TS 36.213 (version 16.1.0) essentially allows for bundling ACKs for TBs “within” a multi-TB block of PDSCHs; however, it does not address the case of Type-1 bundling—i.e., bundling across different multi-TB PDSCHs—for multi-TB scheduling.
We note that supporting Type-1 bundling for multi-TB scheduling will require rather complicated specification changes—even for the case of csi-NumRepetitionCE equal to 1 and mPDCCH-NumRepetition equal to 1 (e.g., due to non-trivial interpretations of the DAI field). Indeed, with the specification of Type-2 bundling for multi-TB scheduling in TDD, we can recoup much of the throughput losses that we would otherwise have suffered for TDD if neither Type-1 nor Type-2 bundling was supported. 
To that end, given that Type-2 bundling is now supported for multi-TB scheduling in TDD, we propose to disable Type-1 bundling for multi-TB scheduling with TDD—irrespective of the value of csi-NumRepetitionCE and mPDCCH-NumRepetition. To correctly implement this disabling in the specifications, however, we need to ensure that when multiple TBs are scheduled by a DCI, there are no “ACK collisions” in the uplink from more than one block of multi-TB PDSCHs or MPDCCH indicating downlink SPS releases.
Additionally, for multi-TB scheduling, we propose to reserve the DAI field in the DCI if multiple TBs are scheduled by a DCI. 
TP1-1, TP1-2 and TP1-3 below are required to implement the above idea:

<TP1-1, 36.213, 7.3.2>
<unchanged parts omitted>
For TDD and a BL/CE UE,
      -    if the UE is configured with multi-TB-DL-config, and multiple TBs are scheduled by a single DCI
-    the UE is not expected to receive any other PDSCH transmission(s) or MPDCCH indicating downlink SPS releases, corresponding to which the UE shall report HARQ-ACK in any subframe(s) in which HARQ-ACKs are reported for the multiple TBs scheduled by the single DCI, according to subclause 10.2
-	The UE behaviour for HARQ-ACK reporting is the same as that of a BL/CE UE with FDD, except:
-	PUCCH resource(s) is (are) determined according to Subclause 10.1.3.1; and
           	   -    PUCCH(s) is (are) transmitted in a set of BL/CE UL subframe(s) according to Subclause 10.2 for TDD and BL/CE UEs.
[bookmark: _Hlk37359695]-	else if, the UE is configured with csi-NumRepetitionCE equal to 1 and mPDCCH-NumRepetition equal to 1,
-	the UE behaviour for HARQ-ACK reporting is the same as that of a non-BL/CE UE with TDD, except:
-	PDCCH/EPDCCH is replaced by MPDCCH; and
-	DCI format 1/1A/1B/1D/2/2A/2B/2C/2D is replaced by DCI format 6-1A; and
-	DCI format 0/4 is replaced by DCI format 6-0A; and
-	PUCCH is transmitted in a set of BL/CE UL subframe(s) according to Subclause 10.2 for TDD and BL/CE UEs;
-	else
-	the UE is not expected to receive more than one PDSCH transmission, or more than one of PDSCH and MPDCCH indicating downlink SPS releases, with transmission ending within subframe(s) [image: ], where [image: ] and [image: ] is defined in Table 10.1.3.1-1 intended for the UE; 
-	The UE behaviour for HARQ-ACK reporting is the same as that of a BL/CE UE with FDD, except:
-	PUCCH resource is determined according to Subclause 10.1.3.1; and
           	   -    PUCCH is transmitted in a set of BL/CE UL subframe(s) according to Subclause 10.2 for TDD and BL/CE UEs.
</TP1-1>

<TP1-2, 36.213, 10.1.3>
<unchanged parts omitted>
 For TDD and a BL/CE UE, 
      -    if multiple TBs are not scheduled by a single DCI
-	if the UE is configured with csi-NumRepetitionCE equal to 1 and mPDCCH-NumRepetition equal to 1,
-	the UE may be configured with HARQ-ACK bundling or HARQ-ACK multiplexing;
-	HARQ-ACK multiplexing can be configured only if pucch-NumRepetitionCE-format1 equal 1 and HARQ-ACK multiplexing is performed according to the set of Tables 10.1.3-5/6/7
-	else
-	the UE is not expected to receive more than one PDSCH transmission, or more than one of PDSCH and MPDCCH indicating downlink SPS releases, with transmission ending within subframe(s) [image: ], where [image: ] and [image: ] is defined in Table 10.1.3.1-1 intended for the UE; 
</TP1-2>
<TP1-3, 36.212, 5.3.3.1>
<unchanged parts omitted>
-	Downlink Assignment Index – number of bits as specified in Table 5.3.3.1.2-2. This field is reserved when multi-TB-DL-config is enabled and multiple TBs are scheduled, or when the configured maximum repetition number is larger than 1 for MPDCCH, and not present when the format 6-1A CRC is scrambled with G-RNTI, or when the higher layer parameter csi-NumRepetitionCE-r13 indicates more than one subframe.
</TP1-3>
Proposal 1: Endorse TP1-1 (TS 36.213), TP1-2 (TS 36.213) and TP1-3 (TS 36.212).

2	Issue #2: TB interleaving pattern with frequency hopping
In RAN1#99, the following agreement was made with regards to providing joint time-frequency diversity to TBs when frequency hopping and TB interleaving are enabled.
Agreement
For unicast interleaved transmission, the interleaving is supported in a way that aims to ensure that in case of frequency hopping, each TB is mapped to more than one frequency location.

However, the interleaving pattern adopted was the same, irrespective of whether frequency hopping is enabled. Given that simple solutions exist that can satisfy the above agreement, and thereby provide time-frequency diversity to multi-TB transmissions, it would be rather unfortunate if 3GPP fails to consider the solutions on the table that can make this work.
The solution we propose in this section doesn’t change the frequency hopping pattern across subframes—this is key towards maintaining backwards compatibility with UEs that follow the legacy frequency hopping pattern across subframes. Instead, our solution hinges on changing the TB interleaving pattern across time, so that the repetitions of every TB are equitably distributed in the available narrowbands.
As an example, consider CE Mode A in the downlink. Here,  can take values in ; the hopping interval  can take values in ; and the number of narrowbands can take values in . Table FH-IL-CEModeA depicts the possible cases that arise when 2 hopping narrowbands are configured. One can easily write down the  cases in the table and verify for themselves that there are 7 instances where the interleaving order needs to be changed, so that all TBs see 2 narrowbands. Note that, this corresponds to  of possible configurations, where performance loss from a lack of frequency diversity will occur.Table FH-IL-CEModeA: TB interleaving pattern with frequency hopping for CE Mode A with 2 NBs. The cells highlighted in orange correspond to configurations where the interleaving pattern needs to be changed. In each orange cell, an entry of the type  corresponds to an interleaving pattern that repeats with the unit  across subframes.
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It can be observed that the above structure can be expressed analytically by means of a cyclic shift that is equal to the hopping interval. While we can extend this structure to the case of 4 narrowbands, recalling some online and offline feedback from RAN1#99, we propose to adopt a “2 narrowband based” interleaving pattern irrespective of whether 2 or 4 narrowbands are configured, so that each TB is mapped to at least 2 narrowbands—thereby implementing the simplest form of the agreement referenced in the beginning of this section.
[bookmark: _Hlk40200558]Observation 1: Without changing the interleaving pattern for frequency hopping,  of configurations in CE Mode A have to sacrifice either time-diversity or frequency-diversity, resulting in significant degradation in performance (up to  dB).
[bookmark: _Hlk37383729]Proposal 2: Adopt the interleaving pattern(s) shown in Table FH-IL-CEModeA for CE Mode A uplink and downlink, when frequency hopping and TB interleaving are both configured.
Similarly, we can construct an analogous table to Table FH-IL-CEModeA for CE Mode B, restricting ourselves to a 2 narrowband-based solution domain. The differences with CE Mode B are:
· The interleaving granularity increases from 1 subframe to 4 subframes
· The possible values of hopping interval are 
· The supported values of  are 
Applying the same principles of concatenating cyclically shifted subunits to form the periodic unit of the interleaving pattern, we arrive at the required patterns for CE Mode B shown in Table FH-IL-CEModeB.
In Table FH-IL-CEModeB, the value of the cyclic shift applied to the subunit  to generate the periodic repeating unit is given by the ratio of the hopping interval to the interleaving granularity, i.e., . This formula for the cyclic shift is in fact the same for the case of CE Mode A before, where .

 
[bookmark: _Hlk37387108]Table FH-IL-CEModeB: TB interleaving pattern with frequency hopping for CE Mode B with 2 NBs. Cells highlighted in orange correspond to configurations where the interleaving pattern needs to be changed.
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Considering the above, we make the following proposal for supporting frequency hopping-aware interleaving patterns for CE Mode B.

[bookmark: _Hlk37426722]Proposal 3: Adopt the interleaving pattern(s) shown in Table FH-IL-CEModeB for CE Mode B uplink and downlink, when frequency hopping and TB interleaving are both configured.

3	Issue #3: Handling of SPS C-RNTI
In RAN1#100b-e the following TP was agreed for NB-IoT to capture that, for SPS C-RNTI, only single TB can be scheduled:
-	Number of scheduled TB for Unicast – 1 bit, where value 0 indicates a single TB is scheduled and value 1 indicates multiple TB are scheduled. This field is only present if higher layer parameter multi-TB-Unicast-config is enabled and the CRC of the corresponding DCI is scrambled mapped onto the UE specific search space given by the C-RNTI (except during random access) or SPS C-RNTI as defined in [3]. The field is set to 0 if the CRC of the DCI is scrambled by SPS C-RNTI.


We propose to port the same change to eMTC. Due to the more complicated nature of multi-TB DCI in eMTC, the change is slightly different, but it implements the same behavior: for SPS C-RNTI, a single TB is scheduled.

<TP3 TS 36.212>
[bookmark: _Toc35531648][bookmark: _Toc29388773][bookmark: _Toc29387744][bookmark: _Toc20409203][bookmark: _Toc10818793]5.3.3.1.10	Format 6-0A
<Unchanged parts are omitted>
-	Scheduling TBs for Unicast – 12 bits. This field is only present if multi-TB-UL-config is enabled and the DCI is mapped onto the UE-specific search space given by C-RNTI as defined in [3]. This field schedules one TB if the CRC of the DCI is scrambled by SPS C-RNTI.
-	If one TB is scheduled
-	5 bits set to zero
-	HARQ process number – 3 bits
-	New data indicator – 1 bit
-	Redundancy version – 2 bits
-	Frequency hopping flag – 1 bit, where value 0 indicates frequency hopping is not enabled and value 1 indicates frequency hopping is enabled as defined in clause 5.3.4 of [2]. If frequency hopping is not enabled by higher layers, this field is set to 0.
-	If two TBs are scheduled
-	2 bits set to zero
-	HARQ index with offset – 6 bits provide the HARQ index + offset, with an offset of +8 and HARQ index as defined in 8.0 of [3]
-	New data indicators – 2 bits, one for each scheduled TB in increasing order of HARQ process ID
-	Redundancy version for TB 1 – 1 bit
-	Redundancy version for TB 2 – 1 bit. If Repetition number is > 1 and frequency hopping is enabled by higher layers then this bit is a Frequency hopping flag for the TBs, and TB2 uses the redundancy version for TB1.
-	If four TBs are scheduled
-	1 bit set to zero
-	HARQ index with offset – 7 bits provide the HARQ index + offset, with an offset of +36 and HARQ index as defined in 8.0 of [3]
-	New data indicators – 4 bits, one for each scheduled TB in increasing order of HARQ process ID
-	If six TBs are scheduled
-	HARQ index with offset – 6 bits provide the HARQ index + offset, with an offset of +27 and HARQ index as defined in 8.0 of [3]
[bookmark: _Hlk32590568]-	New data indicators – 6 bits, one for each scheduled TB in increasing order of HARQ process ID
-	If eight TBs are scheduled
-	3 bits set to one
-	New data indicators – 8 bits, one for each scheduled TB in increasing order of HARQ process ID
-	Redundancy version for all TBs – 1 bit. If Repetition number is > 1 and frequency hopping is enabled by higher layers then this bit is a Frequency hopping flag for the TBs, and the redundancy version for all TBs starts at 0.
<Unchanged parts are omitted>
[bookmark: _Toc35531650][bookmark: _Toc29388775][bookmark: _Toc29387746][bookmark: _Toc20409205][bookmark: _Toc10818795]5.3.3.1.12	Format 6-1A
<Unchanged parts are omitted>
-	Scheduling TBs for Unicast – 12 bits. This field is only present if multi-TB-DL-config is enabled and the DCI is mapped onto the UE-specific search space given by C-RNTI as defined in [3]. This field schedules one TB if the CRC of the DCI is scrambled by SPS C-RNTI.
-	If one TB is scheduled
-	5 bits set to zero
-	HARQ process number – 3 bits
-	New data indicator – 1 bit
-	Redundancy version – 2 bits
-	Frequency hopping flag – 1 bit, where value 0 indicates frequency hopping is not enabled and value 1 indicates frequency hopping is enabled as defined in clause 6.4.1 of [2]. If the UE is configured with 64QAM for PDSCH and the repetition number field indicates no PDSCH repetition, this field is the MSB bit of the extended Modulation and coding scheme field, as specified in Table 7.1.7.1-1 of [3]. If the UE is not configured with 64QAM for PDSCH and frequency hopping is not enabled by higher layers, this field is set to 0.
-	If two TBs are scheduled
-	2 bits set to zero
-	HARQ index with offset – 6 bits provide the HARQ index + offset, with an offset of +8 and HARQ index as defined in 7.1.7.2 of [3]
-	New data indicators – 2 bits, one for each scheduled TB in increasing order of HARQ process ID
-	Redundancy version for TB 1 – 1 bit
-	Redundancy version for TB 2 – 1 bit. If the UE is configured with 64QAM for PDSCH and the repetition number field indicates no PDSCH repetition then this bit is the MSB bit of the extended Modulation and coding scheme field. If Repetition number is > 1 and frequency hopping is enabled by higher layers then this bit is a Frequency hopping flag for the TBs. In these cases TB2 uses the redundancy version for TB1.
-	If four TBs are scheduled
-	1 bit set to zero
-	HARQ index with offset – 7 bits provide the HARQ index + offset, with an offset of +36 and HARQ index as defined in 7.1.7.2 of [3]
-	New data indicators – 4 bits, one for each scheduled TB in increasing order of HARQ process ID
-	If six TBs are scheduled
-	HARQ index with offset – 6 bits provide the HARQ index + offset, with an offset of +27 and HARQ index as defined in 7.1.7.2 of [3]
-	New data indicators – 6 bits, one for each scheduled TB in increasing order of HARQ process ID
-	If eight TBs are scheduled
-	3 bits set to one
-	New data indicators – 8 bits, one for each scheduled TB in increasing order of HARQ process ID
-	Redundancy version for all TBs – 1 bit. If the UE is configured with 64QAM for PDSCH and the repetition number field indicates no PDSCH repetition then this bit is the MSB bit of the extended Modulation and coding scheme field. If Repetition number is > 1 and frequency hopping is enabled by higher layers then this bit is a Frequency hopping flag for the TBs. In these cases the redundancy version for all TBs starts at 0.

<Unchanged parts are omitted>
</TP3>

Proposal 4: Endorse TP3 (TS 36.212)

5     Summary of Proposals
Proposal 1: Endorse TP1-1 (TS 36.213), TP1-2 (TS 36.213) and TP1-3 (TS 36.212).
Observation 1: Without changing the interleaving pattern for frequency hopping,  of configurations in CE Mode A have to sacrifice either time-diversity or frequency-diversity, resulting in significant degradation in performance (up to  dB).
Proposal 2: Adopt the interleaving pattern(s) shown in Table FH-IL-CEModeA for CE Mode A uplink and downlink, when frequency hopping and TB interleaving are both configured.

Proposal 3: Adopt the interleaving pattern(s) shown in Table FH-IL-CEModeB for CE Mode B uplink and downlink, when frequency hopping and TB interleaving are both configured.

Proposal 4: Endorse TP3 (TS 36.212)
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