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1.
Overall description:
RAN1 would like to thank RAN2 for their LS on Semi-Persistent Scheduling Activation with single PDCCH. 

After discussions, RAN WG1 addresses the questions raised by RAN WG2 as follows:
Question 1: RAN WG2 kindly ask RAN WG1 to evaluate if there is a serious problem with false activation of SPS due to PDCCH CRC false positives.
Response: RAN1agreed that false activation (or reconfiguration) of SPS may occur with unacceptable frequency.
For instance, a VoIP-only UE can on average decode a false SPS UL activation/modification and lose part of an UL talk spurt every 
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s. This estimation assumes UE decodes PDCCH for 4 subframes every 20ms (DRX), with a voice activity factor of 0.5, 22 blind decodes for PDCCH uplink grants (format 0) per subframe, and the factor 2 comes from the fact that there is one fixed bit in Format 0 to differentiate Format 0 and Format 1A. An existing UL talk spurt is likely to be disturbed until it ends because the UL data from the UE with false activation may be lost because it is sent on a UL resource corresponding to a false positive PDCCH grant, where the eNB is not attempting to receive any transmissions from that UE. Moreover, the unauthorized UL transmissions may collide with other UL transmissions in the same cell, which results in inefficient UL resource utilization and unnecessarily increased interference to other neighbouring cells. In the case that a UE has no ongoing talk spurt there will be uplink transmissions until the grant is released (e.g. by implicit release).  Therefore the duration of any disturbance due to a false UL grant would depend on how long the eNB and UE take to terminate a false grant and re-establish a correct one. RAN 1 would thus need to know for this calculation what value n of empty transmissions for implicit release is assumed in RAN2. 

For DL SPS, the occurrence of false SPS activation depends on the number of PDCCH formats used for the SPS activation purpose. RAN1 did not see a compelling reason of using DCI formats other than 1 and 1A for the purpose of DL SPS activation. Format 1A itself causes the same frequency of false alarms as that of Format 0, due to the one-bit format differential flag. Format 1 itself doubles the frequency of false alarms of that of Format 0. Thus, when both format 1A and 1 are used for DL SPS activation, false DL grants would occur with higher frequency of every 20s, under the same condition as above.  It is also likely to cause loss of DL data during a talk spurt when the UE is already in the SPS transmission, and falsely detects a SPS re-configuration. The UE would also transmit a number of unauthorized UL NAKs (the probability of unauthorized UL ACKs is negligible) which may collide with other UL transmissions, although the resulting interference appears less a serious problem than for false UL grants. Note also that UEs with false activation of DL SPS may unnecessarily consume power for DL data detection. 
These false SPS activations may lead to serious problems (e.g. some disturbance to a VoIP call every 20 seconds, either on UL or DL), and especially interference for UL SPS transmissions. The severity of false activation of SPS becomes more pronounced when the number of SPS UEs increases.
Question 2: RAN WG2 kindly ask RAN WG1 that if a problem is found, indicate how many additional bits of ‘virtual’ CRC are required (if any) and which PDCCH fields can be used for uplink and downlink.
Response: RAN1 agreed that the number of additional bits of ‘virtual CRC’ has to be such that the average time between false activations of SPS is sufficiently long, e.g., in the order of hours.  RAN1 noted that due to different impacts, it is more critical to minimize the probability of false SPS activation for UL.

In light of this, RAN1 has identified the following PDCCH fields in DCI Formats 0, 1, and 1A that can be used for creating additional ‘virtual CRC’ bits for uplink and downlink SPS activations:
Format 0 (UL) [9 or 10 bits]:
· Resource allocation and MCS (3 bits):
· Option 1: 2 bits from Resource Allocation, and 1 bit from MCS. Detailed mapping is FFS.
· Option 2: 3 bits from the combination of Resource Allocation and MCS. Detailed mapping is FFS.
· NDI: [1] bit

· TPC (2bits): always set to 00

· Aperiodic CQI (1 bit): always set to 0
· Cyclic shift for DM RS (3bits): always set to 000
Format 1/1A (DL) [5-9 bits]:

· Resource allocation and MCS (3 bits):
· Option 1: 2 bits from Resource Allocation, and 1 bit from MCS. Detailed mapping is FFS.
· Option 2: 3 bits from the combination of Resource Allocation and MCS. Detailed mapping is FFS.
· NDI: [1] bit 

· Redundancy Version (2 bits): always set to 00
· HARQ process number: [3] bits
By reserving [9-10] bits for UL and [5-9] bits for DL as specified above, the average duration between false SPS activations /reconfigurations during talk spurts for a single VoIP user can be increased:
· For UL: From 60s to 2[9-10]*60/3600  ≈ [8.5 – 17.1] hours.

· For DL: 

· Individually, 

· Format 1A: 2[5-9)*60/3600  ≈ [0.53 – 8.5] hours. 

· Format 1: 2[5-9]*30/3600 ≈ [0.27 – 4.3] hours. 

· Collectively,

· 2[5-9]*20/3600 ≈ [0.18 – 2.8] hours

RAN1 identified that NDI bit helps extending ‘virtual CRC’ for both UL and DL SPS activation. For DL SPS, DL HARQ process bits can further help DL SPS activation. However, RAN1 recognized that the usage of these fields for the SPS control solution is under discussion in RAN2.
RAN1 discussed how to reserve a sum of 3 bits in the Resource Allocation and MCS:
Option 1( 2 bits from Resource Allocation and 1 bit from MCS): The line of thinking in this case would be: If the two most significant bit of the Resource Allocation are restricted to 0, only about one quarter of the system bandwidth can be allocated to a given UE, while it is still possible to allocate the whole system bandwidth to the set of SPS users. However, RAN1 recognizes that it is not straightforward to identify the 2 bits in the Resource Allocation that can be set to a fixed value for SPS application. Restricting the most significant bit of MCS to zero limits the modulation to QPSK and 16QAM, with the maximum TBS size ranging from 320 (1RB) to 31704 bits (110 RBs) for UL and DL single layer transmission, if no resource allocation restriction is applied. 
Option 2: RAN1 also discussed another option of reserving the equivalent of number of states corresponding to a sum of 3 bits from the combination of Resource Allocation and MCS. In particular, it has been proposed in RAN1 to limit the available Transport block sizes (TBS) for the SPS together with the RRC set up. Thus the approach that selected code points for SPS could be configured to be disallowed by L3 was envisioned to be more flexible. This approach would allow more flexibility with UE specific restriction. 
It should be noted that restricting the maximum UL resource would also limit the amount of interference generated by a false detection.
It is not clear if sufficient many bits can be found without degrading the system performance to achieve a sufficient reduction of the false positive case probability or if different methods also have to be looked at. RAN1 also notes that there are other solutions which could be applied in addition, such as increasing the CRC length directly, which would also make dynamic allocations more robust.
Question 3: RAN WG2 kindly ask RAN WG1, for UL SPS ACK/NAK resource allocation, to evaluate the need for more flexibility than provided by RRC signalling alone and, if need is found, to indicate which PDCCH fields (of the DL activation grant) can be used.
Response: RAN1 agreed that additional flexibility in UL ACK/NAK resource allocation for DL SPS via PDCCH is necessary to allow us to better exploit the statistical multiplexing gain offered by SPS applications when scheduling UL ACK/NAK. That allows minimizing scheduling restrictions and delays as well as UL control overhead since multiple UEs can share the same UL ACK/NAK resource(s). RAN1 agreed that 2 or 3 bits can be reserved for that purpose, but could not conclude on the exact number of bits. RAN1 agreed at least the following two bits in DCI format 1/1A can be reserved for that purpose, as shown below:

· TPC (2 bits)
The above changes in DCI format 0, 1, and 1A for the purpose of SPS activation will be captured in RAN1 specification. It is RAN1 understanding that these restrictions apply whenever the Semi-Persistent C-RNTI is used on PDCCH.
2.
Actions:
To TSG-RAN WG2:
RAN1 kindly asks RAN2 to take the above information into acount in the finalization of the LTE specifications. In particular, RAN1 kindly asks RAN2:

1) To provide feedback on whether NDI bit can be reserved for ‘virtual CRC’ extension for both UL and DL SPS activation

2) To provide feedback on whether H-ARQ process bits can be reserved for ‘virtual CRC’ extension for DL SPS activation

3) To provide feedback on the two options for 3-bit reservation in resource allocation and MCS mapping based on potential SPS applications

4) To provide feedback on whether the 2-bit reservation in DCI format 1/1A is sufficient in providing additional flexibility in UL ACK/NAK resource allocation for DL SPS via PDCCH
5) To consider whether additional measures are needed particularly for DL SPS 
6) To provide feedback on the value of number of empty transmissions for implicit release assumed in RAN2.
3.
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