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1. Introduction
Item number [53/3] from Kansas City discussed a proposal R1-082097 regarding A/N DTX detection on PUSCH. The R1-082097 proposes the following as a way forward. 

a) One bit is included in the UL scheduling assignment to indicate ACK/NAK transmission in the PUSCH

and

b) The UE scrambles the PUSCH CRC with its ID when it has actual (non-DTX) ACK/NAK transmission in the PUSCH
The drawbacks of each of the two options have been extensively reported in R1-081728 and R1-081855, respectively.  It is noted here that the proposal in the way forward document R1-082097 does not address concerns raised in the two documents (R1-081728 and R1-081855). For convenience, the arguments are reported verbatim in Section 2 of this document.  Section 3 contains some additional concerns that were found with the proposal in R1-082097. Therefore, it is recommended to not include the proposal in R1-082097 that leads to additional overhead/complexity.

2. Drawbacks of the A/N DTX detection proposals reported verbatim

2.1. Drawbacks of (a) (from R1-081728)

Previous suggestions to avoid this problem include to either always have 1 bit in the UL grant indicating to the UE that the eNB expects it to transmit ACK/NAK (2 or more bits are needed for a TDD system due to multiple ACK/NAK) or, if an UL grant does not exist, to always reserve ACK/NAK space in the PUSCH [1]. None of these approaches can provide DTX detection (DTX can only be interpreted as NAK). Some throughput loss therefore exists as IR cannot be applied and chase combining becomes default. Moreover, both of these approaches are extremely inefficient. 

In order for the 1 bit (2 or more bits for TDD) inclusion in the UL grant to be useful, a UE does not only need to miss a previous DL assignment, but it also needs to have PUSCH and ACK/NAK transmissions in the same UL sub-frame and DTX to be interpreted as ACK (instead of DTX or even NAK). Assuming 1% BLER for the DL assignment, hundreds or thousands of bits in the UL grant will be transmitted for no reason before a single such bit becomes useful. 

In case of PUSCH transmission without an UL grant (semi-persistent assignments), reserving PUSCH resources for the ACK/NAK may be acceptable for moderate to high SINRs where even only 1 ACK/NAK symbol per slot suffices, but it results to substantial overhead for low SINRs [2]. Note that with support of different services (in different sub-frames) for a UE, it may not be possible to avoid the transmission of ACK/NAK due to dynamic DL assignments in sub-frames of semi-persistent PUSCH transmissions without imposing scheduler restrictions.

2.2. Drawbacks of (b) (from R1-081855)
Samsung’s proposal also identifies that DTX->ACK problem is an issue to be solved. As a solution it proposes masking of CRC bits based on the presence of ACK/NACK. 

We note that there are quite severe limitations related to CRC masking scheme:

· It is required that UL data packet is received correctly. However, the BLER operation point on PUSCH can be quite high, esp. at the cell edge (even 30-50%). The CRC masking scheme does not work in these cases. 

· The same CRC must be applied for all the re-transmissions: CRC masking scheme cannot be used with re-transmissions  

2.2.1. Performance impact:

Let’s assume that BLER after 1st transmission equals to 30%.  Then assume that 1/3 of the total number of transmissions are retransmissions. This means that CRC masking works only in (.7*2/3)=47% of the cases. This number will further reduce as the BLER operation point increases (this is the cases esp. at the cell edge). Taking these issues into account, we can conclude that real impact of CRC masking on improved DTX-to-ACK performance is quite marginal. Basically, this corresponds to relaxing the DTX-to-ACK error requirement from 1% to 2%. 

3. Additional comments 
The two options listed in R1-082097 are not complementary and therefore it is unclear how applying the two options simultaneously would resolve any of the problems highlighted by the proponents of R1-082079.  Consider the simple scenario where there is no UL grant (e.g., a non-adaptive retransmission or a persistently scheduled UL) to indicate the one bit transmission – In this case neither Option (a) nor (b) add any benefit. Following are some additional concerns.
3.1. Concerns with (a) 
The proposal in (a) is to include one bit in the UL scheduling grant to indicate A/N transmission in the PUSCH. This one extra bit creates an overhead of 2.5 % in every UL grant (~40 bits) while it is useful in a very small number of cases – only when the UE miss a current DL assignment and simultaneously has an uplink grant requiring PUSCH transmission. It is possible to avoid these cases by minor scheduling choices. Moreover, approach (a) will have no benefit for persistently scheduling and for non-adaptive transmissions. In these cases, the eNB does the regular A/N detection based on the A/N resources provisioned in the PUSCH (Basically, eNB will decode a pre-determined set of random data REs to decode the A/N.).  Thus, proposal (a) does not enhance the performance in a majority of multiplexing scenarios. There are additional issues involved that also need to be resolved while considering proposal (a). 

· In DCI format 2, the number of UL A/N bits transmitted by the UE could potentially depend on the number of TBs. Thus, it is unclear how one bit in UL grant can help the eNB and UE use a common resource provisioning for A/N  (i.e., Does the UE send 1-bit A/N or 2-bit A/N?)  

· The impact of (a) on the TDD is also unclear. According to R1-074880, UL scheduling grant to indicate A/N transmission is insufficient and therefore, it is likely that more number of bits might have to be included in the grant. In such a case, the control channel overhead vs benefits might not even be as favorable as the FDD.
3.2. Concerns with (b) 
The second option proposes scrambling of the PUSCH CRC with its UEID when A/N is multiplexed in the PUSCH (and similarly no mask when no A/N is multiplexed). The receiver is expected to checks the CRC on the decoded PUSCH to figure out whether there was indeed any scrambling or not. This proposal has several drawbacks – 
· Additional delay because A/N result is available after the PUSCH decoding - can lead to significant impact on the hardware timing and processing budget, additional scheduling delays, etc. 

· The CRC based stopping rules will become complicated to implement and performance will suffer due to incorrect stopping (converging to a wrong codeword). 

· It is unclear what the eNB will do if both CRC checks (pass or fail). Note that both CRC failing is a fairly high probability event at high BLERs targets for 1st transmission (~30%).
· Another problem with the masking rule is that it can be applied only in selected cases. For example, the mask cannot be applied (or changed) on retransmission.
· Suppose the following

· On sub-frame N-8 the eNB issued a DL assignment and new-transmission UL grant, both of which are received correctly. 

· As result, on sub-frame N-4 the UE transmits on the PUSCH and does not mask its CRC, but assume that the UL TB fails. 

· On sub-frame N the eNB issues another DL assignment and UL grant, but the DL assignment is lost and the UL grant, which is received correctly, specifies a re-transmission of the TB in sub-frame N-4. 

· Considering PUSCH transmission in sub-frame N+4. 

· Since the transmission in sub-frame N-4 did not mask the CRC, HARQ would require that the CRC in sub-frame N+4 should also be un-masked.

· However, since the DL assignment is lost there is no ACK/NAK, and the CRC should be masked.

· One requirement dictates that the CRC should be un-masked and another requirement dictates that the CRC should be masked.
· In this case, the eNB falls back to the regular A/N detection based on the A/N resources reserved in the PUSCH. (Basically, eNB will decode a random set of data REs to decode the A/N.)
4. Conclusions
The proposal in R1-082079 (especially the CRC scrambling) has a significant impact on the UL processing chain without providing any tangible benefits in a majority of scenarios including non-adaptive retransmissions, persistent scheduling, TDD. Therefore, it is proposed to not adopt either options and if one has to chosen for a way forward, then it is suggested to study option (1) further. 




































