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Issue #1: HARQ-ACK timing in TDD (36.213)
The HARQ-ACK timing for the multi-TB feature is specified in 36.213 section 10.2 for FDD as shown below for both the HARQ-ACK bundling case and the non-bundling case, but the corresponding text for TDD is missing. It does not seem obvious that HARQ-ACK bundling has significant benefits in TDD, so RAN1 may want to consider restricting the HARQ-ACK bundling case to FDD. (It will still be necessary to specify the missing non-bundling case for TDD.)
[bookmark: _Toc32651140]Do not support HARQ-ACK bundling in TDD.

Excerpt from 36.213 section 10.2:

For FDD, a BL/CE UE shall upon detection of a PDSCH intended for the UE and for which an HARQ-ACK shall be provided, transmit the HARQ-ACK response using the same  derived according to Subclause 10.1.2.1 in subframe(s) n+ki with i =0,1, …, N-1, where
-	subframe n-k is the last subframe in which the PDSCH is transmitted, where
[bookmark: _Hlk494354062]	if the UE is in half-duplex FDD operation and is configured with CEModeA and higher layer parameter ce-HARQ-AckBundling and the 'HARQ-ACK bundling flag' in the corresponding DCI is set to 1, or if the UE is configured with higher layer parameter ce-SchedulingEnhancement
-	 is given by the ‘HARQ-ACK delay’ field in the corresponding DCI, and the HARQ-ACK delay value  is determined based on the higher layer parameters according to Table 7.3.1-2;
	otherwise
-	


-	0≤k0<k1<…,kN-1 and the value of and  is provided by higher layer parameter pucch-NumRepetitionCE-format1, if configured, otherwise it is provided by higher layer parameter pucch-NumRepetitionCE-Msg4-Level0-r13, pucch-NumRepetitionCE-Msg4-Level1-r13, pucch-NumRepetitionCE-Msg4-Level2-r13 or pucch-NumRepetitionCE-Msg4-Level3-r13 depending on whether the most recent PRACH coverage enhancement level for the UE is 0, 1, 2 or 3, respectively; and
	if N>1
-	subframe(s) n+ki with i=0,1,…,N-1 are N consecutive BL/CE UL subframe(s) immediately after subframe n-1, and the set of BL/CE UL subframes are configured by higher layers;
	otherwise
-	k0 =0
except if the UE is configured with higher layer parameter multi-TB-DL-config and multiple TB are scheduled in the corresponding DCI.

For FDD, if a BL/CE UE is configured with CEModeA, and if the UE is not configured with higher layer parameter multi-TB-DL-HARQ-bundling and multiple TB are scheduled in the corresponding DCI, the BL/CE UE shall upon detection of a PDSCH intended for the UE and for which an HARQ-ACK shall be provided, transmit the HARQ-ACK response using the same  derived according to Subclause 10.1.2.1 in subframe(s)  with ,  i =0,1, …, N-1, where

-	is the number of scheduled TB determined in the corresponding DCI;
-	if the UE is not configured with higher layer parameter multi-TB-DL-Unicast-Interleaving-config and the UE is not in half-duplex FDD operation
-	, 
-	otherwise
-	, 
-	 is the last subframe in which the PDSCH containing TB  is transmitted;
-	subframe  is the last subframe in which the PDSCH is transmitted; 
-	 denotes the number of consecutive subframes including non-BL/CE subframes where the PUCCH with HARQ ACK for TB  with repetition number of N is transmitted;
and


-	0≤k0<k1<…,kN-1 and the value of and  is provided by higher layer parameter pucch-NumRepetitionCE-format1, if configured, otherwise it is provided by higher layer parameter pucch-NumRepetitionCE-Msg4-Level0-r13, pucch-NumRepetitionCE-Msg4-Level1-r13, pucch-NumRepetitionCE-Msg4-Level2-r13 or pucch-NumRepetitionCE-Msg4-Level3-r13 depending on whether the most recent PRACH coverage enhancement level for the UE is 0, 1, 2 or 3, respectively; and
	if N>1
-	subframe(s)  with i=0,1,…,N-1 for TB  are N consecutive BL/CE UL subframe(s) immediately after subframe , and the set of BL/CE UL subframes are configured by higher layers;
	otherwise
-	k0 =0

For FDD, if a BL/CE UE is configured with CEModeA, and if the UE is configured with higher layer parameter multi-TB-DL-HARQ-bundling and multiple TB are scheduled in the corresponding DCI, the BL/CE UE shall upon detection of a PDSCH intended for the UE and for which an HARQ-ACK shall be provided, transmit the HARQ-ACK response using the same  derived according to Subclause 10.1.2.1 in subframe(s)  with ,  i =0,1, …, N-1, where

-	is the number of scheduled TB determined in the corresponding DCI;

-	 is the multi-TB HARQ-ACK bundling size;
-	if the UE is not configured with higher layer parameter multi-TB-DL-Unicast-Interleaving-config and the UE is not in half-duplex FDD operation
-	, 
-	otherwise
-	subframe	, 
-	subframe 	 is the last subframe in which the PDSCH containing TB bundle  is transmitted;
-	subframe  is the last subframe in which the PDSCH is transmitted; 
-	 denotes the number of consecutive subframes including non-BL/CE subframes where the PUCCH with HARQ ACK for TB bundle  with repetition number of N is transmitted;
and


-	0≤k0<k1<…,kN-1 and the value of and  is provided by higher layer parameter pucch-NumRepetitionCE-format1, if configured, otherwise it is provided by higher layer parameter pucch-NumRepetitionCE-Msg4-Level0-r13, pucch-NumRepetitionCE-Msg4-Level1-r13, pucch-NumRepetitionCE-Msg4-Level2-r13 or pucch-NumRepetitionCE-Msg4-Level3-r13 depending on whether the most recent PRACH coverage enhancement level for the UE is 0, 1, 2 or 3, respectively; and
	if N>1
-	subframe(s)  with i=0,1,…,N-1 for TB bundle  are N consecutive BL/CE UL subframe(s) immediately after subframe, and the set of BL/CE UL subframes are configured by higher layers;
	otherwise
-	k0 =0

For TDD, a BL/CE UE shall upon detection of a PDSCH within subframe(s) [image: ], where [image: ] and [image: ] is defined in Table 10.1.3.1-1 intended for the UE and for which HARQ-ACK response shall be provided, transmit the HARQ-ACK response using the same  derived according to Subclause 10.1.3.1 in subframe(s) n+ki with i =0,1, …, N-1, where
-	subframe n-k is the last subframe in which the PDSCH is transmitted; and


-	0≤k0<k1<…,kN-1 and the value of and  is provided by higher layers parameter pucch-NumRepetitionCE-format1, if configured, otherwise it is provided by higher layer parameter pucch-NumRepetitionCE-Msg4-Level0-r13, pucch-NumRepetitionCE-Msg4-Level1-r13, pucch-NumRepetitionCE-Msg4-Level2-r13 or pucch-NumRepetitionCE-Msg4-Level3-r13 depending on whether the most recent PRACH coverage enhancement level for the UE is 0, 1, 2 or 3, respectively; and
	if N>1
-	subframe(s) n+ki with i=0,1,…,N-1 are N consecutive BL/CE UL subframe(s) immediately after subframe n-1, and the set of BL/CE UL subframes are configured by higher layers;
	otherwise
-	k0 =0

Issue #2: HARQ-ACK timing without interleaving (36.213)
RAN1 has made the following agreement:
Agreement
For DL unicast with bundled HARQ feedback at least in the interleaving case, the timing relationship between PDSCH transmission and HARQ feedback is the same in the FD-FDD case as in the HD-FDD case.

The same HARQ-ACK timing relationship is used also in the non-interleaving case.
[bookmark: _Ref178064866]
Issue #3: HARQ/NDI/RV/FH encoding (36.212, 36.213)
The agreed encoding of HARQ/NDI/RV/FH [1] is currently not fully captured in 36.212 and 36.213. This is expected to be addressed by proposals in [2] for FDD.
Furthermore, the following agreement for TDD needs to be captured in the specifications:
Agreement
For DCI 6-1A
· For TDD, apply grouping of HARQ processes with consecutive HARQ PIDs: two groups with 8 HARQ process per each group and 1 bit indication of the group.

[bookmark: _In-sequence_SDU_delivery]References
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