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1. Introduction
When a UE is semi-statically configured for the open-loop or closed-loop spatial multiplexing (OL/CL SM), the DL grant for the UE is associated with DCI format 2 ([1] Table 7.1-1). In addition, the UE is allowed to receive a DL grant with DCI format 1A. That is, a UE configured for OL/CL SM may receive a DL grant with DCI format 1A or 2 in a given subframe. Hence, the following scenarios may occur:

1. Format 1A ( 2: The transport block (TB) in a transmission associated with format 1A is retransmitted using format 2 together with another TB (forming a 2-TB transmission). This may occur when both of the conditions below hold: 

a. The channel rank increases from 1 to n>1 which allows multiple layer transmission and a larger DL grant with more flexibility (i.e. format 2).

b. The DL data buffer for the UE allows the eNB to transmit an additional TB.

2. Format 2 ( 1A: One of the two transport blocks (TBs) in a transmission associated with format 2 is retransmitted using format 1A. This may occur due to (at least one of) the following reasons: 

a. The channel rank drops from n>1 to 1 which necessitates a single-layer transmission as well as a low-budget/compact DL grant (i.e.  format 1A).

b. One of the two TBs is successfully decoded by the UE and the DL data buffer for the UE is empty.

The above is illustrated in Figure 1. Each of the TBs is associated with a transport block size (TBS), modulation-and-coding scheme (MCS) flag, new data indicator (NDI), and redundancy version (RV).
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Figure 1. Retransmission problems with DCI Format 1A ↔ 2.

In regard of the above scenarios, the UE needs to determine which of the 2 TBs is the retransmitted TB associated with format 1A. The failure to determine such will lead to misidentification of the UE data buffer location and thus unnecessary packet losses. This contribution attempts to address this issue. It is concluded that:

· If reducing the number of C-RNTIs is not a concern, the solution based on CRC masking seems to be a robust alternative. 
· If reducing the number of C-RNTIs is a concern, precluding the possibility of switching the DCI format (from 1A to 2, and vice versa) upon retransmitting the same TB is preferred. 
2. HARQ Operation

In relation to determining which of the 2 TBs corresponds to the single TB identified in format 1A, the following HARQ operation rules are relevant for the UE:

1. TBS can be used to help identifying the TB of interest except when the two TBs share the same TBS.

2. NDI is incremented (toggled) upon a transmission of a new TB. Otherwise, NDI stays the same ([2] Section 5.3.2.2). The NDI toggling is used (as opposed to setting NDI=1 for new transmission and 0 for retransmission) to avoid soft combining across several different transmissions when the DL grant associated with the new transmission is missed.

3. A new DL transmission does not necessarily correspond to RV=0. Hence, RV cannot be used to differentiate a new transmission from retransmission.

4. MCS 29–31 is used only for retransmission to indicate that the TBS associated with the current DL grant is the same as that associated with the previous DL grant ([1] Section 7.1.7). However, MCS 0–28 can also be used for retransmission as well as new transmission. When used for retransmission:

a. MCS 29–31 is suitable when the eNB is equipped with reliable DTX detection capability. Upon detecting a DTX (missed DL grant), the eNB resends the previous TB as if it were a new transmission (with the same NDI value as the missed transmission).

b. MCS 0–28 is suitable when the eNB is (cannot) not equipped with reliable DTX detection capability (e.g. format 2a/2b PUCCH, multi-ACK/NAK transmission for TDD, low-budget eNB). In this case, the use of MCS 29–31 prevents the UE from detecting the TBS for the retransmission if the initial transmission of the TBS is missed. 

3. Problem
We identify some possible solutions to resolve the retransmission issues between DCI format 1A and 2.

3.1. Retransmission of DCI Format 1A with Format 2

The different scenarios and possible solutions are given in Table 1. It is assumed that the UE fails to decode the transmission associated with the DCI format 1A and reports a NAK to the eNB.

Table 1. Scenarios and solutions for retransmission of format 1A with format 2

	Case
	TBS/MCS
	NDI
	Solution to determine which TB corresponds to retransmission of 1A
	Comments

	1
	TBS_1≠TBS_2
	Does not matter
	Determine which of TBS_1 and TBS_2 is equal to TBS_0
	-

	2
	TBS_1=TBS_2
	NDI_1≠NDI_2
	Determine which of NDI_1 and NDI_2 is equal to NDI_0
	This is still a problem when ACK is detected as NAK at the eNB since the initial state of NDI may overlap with at least one of the NDI values.

	3
	TBS_1=TBS_2
	NDI_1=NDI_2 ≠ NDI_0
	No solution needed
	The TB corresponding to format 1A is lost. Both TBs in format 2 are assumed new transmissions.

	4
	TBS_1=TBS_2, one of the MCS_1 and MCS_2 takes value from 29, 30, 31
	NDI_1=NDI_2 = NDI_0
	Determine which of the MCS_1 and MCS_2 takes value from 29, 30, 31.  
	· Occur when the value of NDI_0 is the initial state of NDI (before the very first transmission). 

· Cannot be solved via NDI

	5
	TBS_1=TBS_2, both MCS_1 and MCS_2 take value from 0, 1, …, 28
	NDI_1=NDI_2 = NDI_0


	Currently no solution
	· Occur when the value of NDI_0 is the initial state of NDI (before the very first transmission). 

· Cannot be solved via NDI and TBS

	6
	TBS_1=TBS_2, both MCS_1 and MCS_2 takes value from 29, 30, 31
	
	
	


As identified above, the most problematic scenario occurs when TBS_1=TBS_2 and NDI_1=NDI_2=NDI_0. Several solutions are possible:

1. Alt1: MCS=29, 30, 31 are used only for retransmission to indicate the modulation order (already specified). Conversely, MCS=0, 1,…, 28 are used only for new transmission (need to be specified). This enables the UE to differentiate retransmission and new transmission apart from the NDI.

a. Drawback: Precluding MCS 0 – 28 for retransmission is problematic when eNB lacks of DTX detection capability.

2. Alt2: Specify that only one of the 2 TBs (either the first or the second TB) in format 2 can be used for the retransmission of format 1A. 

a. Note that NDI_1=NDI_2 = NDI_0 cannot happen when both TBs are new transmissions (since one of the NDIs must be toggled).

b. The transport-block (TB)-to-codeword swap flag can be used to assign the codeword for the designated TB is associated with retransmission. For example, retransmission of the TB associated with format 1A with the first TB of format 2 using the first/second codeword is indicated with HARQ swap flag = 0/1. 
3. Alt3: Apply CRC masking to indicate the retransmitted TB associated with format 1A. For example: mask1 = no retransmission from format 1A, mask2 = first TB is retransmission from format 1A, mask3 = second TB is retransmission from format 1A. 

a. Advantage: Unique identification

b. Drawback: Significant changes to the PHY-layer specification and reduces the total number of C-RNTIs (used for UE IDs).

4. Alt4: Preclude the possibility of switching the DCI format from 1A to 2 upon retransmitting the same TB is another solution to avoid the switching problem altogether.
Among the above alternatives: 
· Alt1 seems to be the most limiting solution since it may be unreasonable to ensure that all eNBs are equipped with reliable DTX detection capability. Hence Alt1 is the least preferred. Alt4 is the simplest yet restrictive in another manner (i.e. precluding the switch from DCI format 1A to 2).

· Alt3 is a robust solution if reducing the available number of C-RNTIs is not a concern. Otherwise, Alt2 is also quite attractive which still gives the same freedom as Alt3.
3.2. Retransmission of DCI Format 2 with Format 1A

The different scenarios and possible solutions are given in Table 2. It is assumed that the UE fails to decode at least one of the 2 TBs associated with the DCI format 2 and reports the corresponding NAK(s) to the eNB.

Table 2. Scenarios and solutions for retransmission of format 2 with format 1A
	Case
	TBS/MCS
	NDI
	Solution to determine which TB corresponds to retransmission with 1A
	Comments

	1
	TBS_1≠TBS_2
	Does not matter
	Determine which of TBS_1 and TBS_2 is equal to TBS_0
	-

	2
	TBS_1=TBS_2
	NDI_1≠NDI_2
	Determine which of NDI_1 and NDI_2 is equal to NDI_0
	· This is still a problem when ACK is detected as NAK at the eNB ( can be solved with Alt 1 or Alt 4 below.

· In addition, ambiguity occurs between a new transmission with format 1A and a retransmission of one of the TBs

	3
	TBS_1=TBS_2
	NDI_1=NDI_2 ≠ NDI_0
	No solution needed
	Lost TB(s). The TB corresponding to format 1A is a new transmission. 

	4
	TBS_1=TBS_2, one of the MCS_1 and MCS_2 takes value from 29, 30, 31
	NDI_1=NDI_2 = NDI_0
	Determine which of the MCS_1 and MCS_2 takes value from 29, 30, 31.  
	· Occur when the value of NDI_0 is the initial state of NDI (before the very first transmission). 

· Cannot be solved via NDI

	5
	TBS_1=TBS_2, both MCS_1 and MCS_2 take value from 0, 1, …, 28
	NDI_1=NDI_2 = NDI_0
	· If only 1 of the 2 TBs was NAK: determine which of the 2 TBs was NAK + the value of swap bit.

· If both TBs were NAK: currently no solution.
	· Occur when the value of NDI_0 is the initial state of NDI (before the very first transmission). 

· Cannot be solved via NDI and TBS

· The solution relying on UL ACK/NAK may result in error cases due to the non-ideal UL ACK/NAK detection

	6
	TBS_1=TBS_2, both MCS_1 and MCS_2 takes value from 29, 30, 31
	
	· 
	· 


As identified above, the most problematic scenario occurs when TBS_1=TBS_2 and NDI_1=NDI_2=NDI_0. Several solutions are possible:

1. Alt1: MCS=29, 30, 31 are used only for retransmission to indicate the modulation order (already specified). Conversely, MCS=0, 1,…, 28 are used only for new transmission (need to be specified). This enables the UE to differentiate retransmission and new transmission apart from the NDI. 

a. Drawback: Precluding MCS 0 – 28 for retransmission is problematic when eNB lacks DTX detection capability

2. Alt2: Specify that only one of the 2 codewords (either the first or the second codeword) in format 2 can be retransmitted using format 1A. For example, if the designated codeword is the first codeword:

a. Only the TB associated with first codeword can be retransmitted with format 1A if the starting/previous DCI format is format 2. The mapping is indicated with the 1-bit TB-to-codeword swap flag, e.g. value 0/1 indicates that the first/second TB is associated with the first codeword.

b. If the TB associated with the first codeword can be decoded successfully (and the eNB receives the ACK correctly) but the TB associated with the second codeword needs retransmission (in retransmission n–1), format 1A cannot be used for retransmitting the TB associated with the second codeword in the subsequent retransmission n. In this case, format 2 needs to be used for this purpose. It is possible, however, to use format 1A for retransmitting the TB associated with the second codeword in retransmission n+1. For this, the TB needs to be first retransmitted with the first codeword in retransmission n. This is configured automatically when only one TB is left in DCI format 2 (see [4] Table 5.3.3.1.5-2). Otherwise, this can be accomplished by changing the value of TB-to-codeword swap flag. Then, if retransmission n+1 is needed, switching from DCI format 2 to 1A is permitted.

c. If both TBs need to be retransmitted, the TB associated with the second codeword can be retransmitted using format 1A only if the TB associated with the first codeword is cleared (does not need to be retransmitted). In this case, how to handle the (temporary) termination of the TB associated with the second codeword is left as a scheduler implementation.
3. Alt3: Apply CRC masking on format 1A to indicate which the retransmitted TB associated with format 1A (e.g. mask1 = no retransmission, mask2 = retransmission of first TB from format 2, mask3 = retransmission of second TB from format 2) [3]. 

4. Alt4: Preclude the possibility of switching the DCI format from 2 to 1A upon retransmitting the same TB is another solution to avoid the switching problem altogether.

Among the above alternatives: 

· Alt1 seems to be the most limiting solution since it may be unreasonable to ensure that all eNBs are equipped with reliable DTX detection capability. Hence Alt1 is the least preferred. Alt4 is the simplest yet restrictive in another manner (i.e. precluding the switch from DCI format 2 to 1A).

· Alt3 is a robust solution if reducing the available number of C-RNTIs is not a concern. Otherwise, Alt2 is also attractive despite the slight restriction (inability to retransmit the second TB right away). 
4. Conclusion

In the current version of the specification [1], it is possible to switch the DCI format upon retransmission from 1A to 2, and vice versa. In this case, the UE needs to determine which of the 2 TBs is the retransmitted TB associated with format 1A. Failure to do so would result in unnecessary packet losses as the UE HARQ buffer address is misidentified. 
In this contribution, several solutions were discussed: using MCS 29 – 31, CRC masking, predetermined retransmission rule. Those solutions seem to have strengths and weaknesses such as the reliance of DTX detection capability, reducing the number of C-RNTIs, and susceptibility to ACK/NAK detection error. Based on the above analysis, it is concluded that:
· If reducing the number of C-RNTIs and restricting the use of format 1A are of concern, specifying a fixed mapping for switching between DCI format 1A and 2 upon retransmission is attractive. For example:
· 1A ( 2: The TB in format 1A is retransmitted as the first TB in format 2. The associated codeword is indicated with the TB-to-codeword swap flag.
· 2 ( 1A:  Only the TB associated with the first codeword in format 2 can be retransmitted with format 1A. A (temporary) termination of the other TB (if necessary) is left as a scheduler implementation.
This can be captured with the following draft CR for TS36.213:

-------------------------------------------------- Start draft CR for TS36.213 --------------------------------------------------
7.1
UE procedure for receiving the physical downlink shared channel
…..

A UE semi-statically configured with a transmission mode shall receive PDSCH data transmissions associated with a reference DCI format signalled by a PDCCH in its UE specific search spaces based on Table 7.1-1.  In the case of transmission modes 1, 2, and 7 a UE shall receive PDSCH data transmissions associated with reference DCI formats 1 or 1A in its UE specific search spaces or DCI format 1A in the common search spaces.   A UE with reference DCI format 1B or 2 may also receive PDSCH data transmissions associated with DCI format 1A signalled by a PDCCH in its UE specific search spaces or the common search spaces.  When receiving a PDSCH data retransmission of a transport block previously associated with DCI format 1A using DCI format 2, a UE shall assume that the first transport block in DCI format 2 is the retransmitted transport block. When receiving a PDSCH data retransmission of a transport block previously associated with DCI format 2 using DCI format 1A, a UE shall assume that only the transport block associated with codeword 0 is retransmitted. A UE shall be configured to use the PUCCH or PUSCH feedback mode corresponding to its reference DCI format.
-------------------------------------------------- Stop draft CR for TS36.213 --------------------------------------------------
· If reducing the number of C-RNTIs is not a concern, the solution based on CRC masking seems to be a robust alternative. A sample of draft CR for this solution is given in [3].

· Otherwise, precluding the possibility of switching the DCI format (from 1A to 2, and vice versa) upon retransmitting the same TB is also feasible. This can be captured with the following draft CR for TS36.213:
 -------------------------------------------------- Start draft CR for TS36.213 --------------------------------------------------
7.1
UE procedure for receiving the physical downlink shared channel
…..
A UE semi-statically configured with a transmission mode shall receive PDSCH data transmissions associated with a reference DCI format signalled by a PDCCH in its UE specific search spaces based on Table 7.1-1.  In the case of transmission modes 1, 2, and 7 a UE shall receive PDSCH data transmissions associated with reference DCI formats 1 or 1A in its UE specific search spaces or DCI format 1A in the common search spaces.   A UE with reference DCI format 1B or 2 may also receive PDSCH data transmissions associated with DCI format 1A signalled by a PDCCH in its UE specific search spaces or the common search spaces.  When configured for open-loop or closed-loop spatial multiplexing, a UE shall assume that the same DCI format is used when receiving PDSCH data transmissions associated with the same transport block. A UE shall be configured to use the PUCCH or PUSCH feedback mode corresponding to its reference DCI format.
-------------------------------------------------- Stop draft CR for TS36.213 --------------------------------------------------
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